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In spite of the accumulated skill and experience of 
centuries, the problem of the successful treatment of 
rheumatism and rheumatic diseases is one which* broadly 
speaking* may be said to be unsolved. It is true that 
considerable progress has been made in certain directions. 
The salicylic treatment of acute rheumatism has established 
its efficacy* and to-day this drug is rightly regarded as 
belonging to the small group of specifics employed in the 
treatment of disease. Again* the more general recognition 
of the essential morbid anatomical changes underlying the 
disease known as chronic rheumatism* chronic muscular 
rheumatism* or fibrositis* has led to more rational and 
more effective treatment* even though no specific remedy 
is known which will cause the absorption of pathological 
fibrous tissue. But here unfortunately the story of 
progress ends* and when we turn to that particular group of 
diseases known as chronic non-suppurative or rheumatoid 
arthritis we find that* though many forms of treatment have 
been adopted in the past* the results obtained have not been 
in any way brilliant or even satisfactory. The most 
striking/
striking commentary on the efficacy of all the therapeutical 
measures hitherto employed is the frequency with which, in 
the wards* in the Out-patient departments of large 
infirmaries* and in ordinary life, there are to be seen 
cripples suffering from the permanent sequelae of 
rheumatoid arthritis.
It will readily be granted therefore^that the 
disease demands further investigation*and that any 
avenue which gives the slightest indication of leading 
to more satisfactory treatment* should be explored to 
the utmost,
I propose in this thesis to detail the reaults 
of observations on the treatment of 70 cases of • 
rheumatoid arthiit is, which I have made in the course 
of an investigation extending over the past three 
years. The scope of the investigation was mainly 
therapeutical, but, in addition, efforts were made 
by cultural experiments and by the inoculation of 
animals^ to determine the aetiological basis of the 
disease. The results obtained will be recorded and 
discussed, and opportunity will be taken to make some 
remarks on the theory of focal infection which, at 
the present time, is being pressed as the chief 
causative factor in this condition.
The/
The Disease
As a preliminary to the discussion, I have thought 
it desirable to state exactly what is meant by the term 
chronic non-suppurative or rheumatoid arthritis, for 
there exists an amazing diversity of opinion as to the 
nomenclature to be adopted for joint affections of 
this nature. We find the terms atrophic artnritis, 
hypertrophic arthritis, chronic articular rheumatism, 
rheumatoid arthritis, chronic infectious arthritis, and 
chronic rheumatic arthritis, used by different writers 
to denote what seems to be the same form of disease.
For the most part, these terms serve merely to emphasize 
some obvious but often comparatively unimportant\ 
point in the clinical manifestations of certain cases, 
and their indiscriminate use tends to lead to 
confusion. The terms osteo-arthritis and rheumatoid 
arthritis are even regarded by some writers as 
synonymous. It will help to clear the ground, 
therefore, if I offer some preliminary remarks regarding 
my conception of the disease. At the same time, in 
doing so, I hope to establish the methods and the 
limits of efficacy of any rational therapeutical 
procedure which may be adopted.
It seems to me, and this view is held by the 
majority/
majority of those who have studied the arthritides,
that the disease is undoubtedly due to the action
of some organism or organisms. It bears so
many resemblances to diseases which have been proved
due to organismal activity*that this must be accepted.
The infective agent manifests its presence by
attacking the white fibrous tissue, not only of
the joints, though that is the most important
feature, but also of the fascia*, aponeuroses,
periosteum, and subcutaneous tissue. This point,which(1)
is emphasized by Stockman, is of fundamental 
importance for two reasons. In the first place* 
it provides a clear and definite pathological 
basis on which rheumatoid arthritis can 
be differentiated from ©stto-arthritis. In the 
second place, as will be seen later, it 
indicates the lines along which rational treatment 
should be directed. It explains,too,the variety 
of the clinical manifestations of rheumatoid arthritis, 
depending on the virulence of the infective agent 
and the number of possible points of attack. The 
disease may manifest itself by a slowly progressive 
thickening/
congestion of the synovial membrane, synovial villi, and 
fibrous capsule of the joint, while the whole connective tissue 
is proliferating. At the same time, similar changes may be, and
generally are, taking place in the fibrous tissue of other
parts of the body, in the fascia lata of the thighs, in the 
aponeuroses, at the attachment of muscle to bone, in the fibrous 
tissue of the muscles clothing the pectoral and pelvic girdles,
in the panniculus aaiposus of the abdomen, legs, and arms,
ana occasionally in the periosteum of various bones.
The progress of the disease resolves itself into a contest 
between the infective agent and the defensive powers of the 
patient. In some cases the individual overcomes the infection 
and returns to normal, but in the great majority of cases the 
disease progresses over a long period of years, though not 
necessarily continuously. Sometimes the process^ceases,‘the 
symptoms diminish, and for a time the patient is comparatively 
well. Then the Infection breaks out afresh, new joints are 
affected, while those which were originally the seat of the 
disease become worse. In the end,it may be that the disease- 
process is arrested, but generally not before irremediable 
damage is aone. The proliferating and congested connective 
tissue becomes organised, more fibrous,and less vascular, 
while,in the affected joints,fibrous anchfl-osis, partial or 




In the early stages, the symptoms and signs which accompany 
these pathological changes are pain, stiffness, swelling,and 
limitation of movement of the affected joints. In some cases, 
it will be found that the limitation of movement of a joint, 
particularly the shoulder joint, is not due to any articular 
lesion, but is solely the result of the pain produced by an 
accompanying flbrositis of the fasciae of the muscles which 
control its movement. In fact, even when the joint is affected, 
the chief factor in limiting the movement of the joint at this 
stage, is the pain which the patient suffers. In the later 
stages, the joint deformity is increased as a result of muscular 
contractures, and,a* this time, movement is limited chiefly because 
of the anchylosis produced by the fibrous tissue changes in and 
arouna the joints. The pain caused by the associated fibrositis 
and panniculitis in other parts of the body increases the 
disability of the patient, who,in the end,becomes either a 
complete cripple or,at any rate^an invalid for the rest of life.
Such is the depressing story of the development and progress 
of the disease known as rheumatoid arthritis. It will be 
observed that,in the description given,no reference has been 
made to bony changes. These, when they do occur, come on late 
in the disease and result from the spread of the infective 
process to the cartilage and bone^giving rise to erosions 
of/
8*
of tli08e structures and to the formation of little
irregularities of bone by irritation. In this way
the changes in the bone differ entirely from those
seen in the disease known as osteo-arthritis, where,
(2)as in pointed out by Stockman, there is primarily a combined 
process of bone absorption and bone production* In the 
latter type, the fibrous tissue structures of the joint 
are practically unaffected until a late stage in the 
disease, and then chiefly by a deposition of new bone 
in the ligaments and synovial membranes, though 
occasionally the synovial membrane is increased by 
mechanical irritation. Clinically also, this type is 
entirely different in its development and progress. In 
this investigation, only cases of rheumatoid arthritis 
as defined above were dealt with.
Aetiology.
The aetiology of the disease is quite unknown.
There is a fairly widespread opinion that many, if not 
all, of these joint affections are the direct sequelae 
of infections in some other part of the body. Pyorrhoea 
alveolaris, septic conditions at the roots of the toeth, 
tonsillitis and septic diseases generally of the naso­
pharynx, middle-e&r disease, chronic disease of the 
genito-urinary organs, chronic lung conditions,have all at 
different times been claimed as th original foci of 
infection,/
Infection* When these have failed the speculating 
physician, he has turned as a last resort to the 
alimentary tract, talked vaguely of intestinal 
toxaemia,and saddled the gut with the whole responsibility* 
This view of focal infection is based largely on the 
analogy of gonorrhoeal arthritis arising from a focus 
of infection in the genito-urinary passages. It is 
difficult either to prove or disprove such a theory, 
though it is not easy to conceive such a multiplicity 
of causes of rheumatoid arthritis, and it is even more 
difficult to explain how so many people suffer from the 
infections enumerated and yet how few of them actually 
suffer from arthritis. It will be readily conceded, 
however, that the infective agent must enter the body 
at some point,and that this point coulfi be called the 
focus of infeotion* In the cases under review,the 
most careful search was made for the presence of fooi 
of infection in other parts of the body and,with the 
possible exception of three cases (Cases X, XVI and XVII), 
none was found fchich could be regarded in any way as 
causative of the disease. Furthermore, the chief 
therapeutical measure adopted, namely "protein shock" 
therapy, is one which, as will be shown later, would 
have caused any hidden focus of infection to filare up*
This happened in only three cases and in at least one 
(Case/
10.
(Case 70), the focus Jit up had obviously nothing to do 
with the joint condition* It can only be concluded 
from these observations that, if originally there did 
exist foci of infection, they had cleared up long before 
the patient came under observation, and that the main 
seat of infection was then in the tissues of the 
affected joints*
In every case where synovial fluid could be got 
from a diseased joint,and in one case where, after 
operation, diseased synovial membrane was obtained, 
examination of films for the presence of organisms was 
made but, except in two cases, always with negative 
results. Attempts were made to cultivate organisms from 
the fluids and the synovial membrane,but only in one case 
was this successful* In case 46 a diphtheroid organism 
was obtained on culture.
The fluids obtained from joints, and suspensions of 
the organisms cultivated,were injected into rabbits 
Intraperitoneally, subcutaneously, and directly into 
the joints, but in no instance did they produce lesions 
in the animals under experiment. This experience 
coincides with that of most other workers in the same 
field, and suggests that the ordinary methods of 
bacteriological investigation are useless for the purpose 




Enou^i has been said of the development and progress 
of rheumatoid arthritis to show that rational treatment 
should be directed along two fliain lines. Efforts should 
be made,not only to destroy the infective agent, but 
also to prevent or minimise the disabilities which 
arise from the local changes in the joints. It has 
already been pointed out that, in the early stages of 
the disease, the chief factor in producing limitation of 
movement is pain in the tissues of and around the joints, 
or, almost as frequently, in the fibrous tissue of the 
muscles controlling the movements of the joint. On the 
ground that pain is a demand on the part of the body for 
physiologioal rest to the affected part,the patient is 
frequently advised not to move the diseased joint, if 
indeed efforts are not made by splints or other mechanical 
means to secure this end. It is my firm conviction 
that no more pernicious advice could be given. Counter- 
irritants and local anodyne applications should be used 
to diminish pain as far as possible, but,from the 
beginning,the patient should be encouraged to use the 
affected joints, and this can be aided by passage and 
passive movements. If that is not done% it can result 
only in disaster, for adhesions form in the joints, and 
contracture/
12.
contracture of muscles takes place, leading to deformity 
and disablement which will tax and often defeat the 
efforts of even the most skilled expert in orthopaedic 
methods. If there is any septic focus of infection 
present* it should be removed even though it bears no 
causative relationship to the joint Infeotion, for the 
toxins absorbed from such a focus will act detrimentally 
on the general health of the patient, and at the same time 
will irritate the already inflamed fibrous tissue, thus 
causing an increase in the disabling symptoms. In view, 
however, of the relative infrequency with which such a 
focus can be found,this method of attack is not of much 
help, and I am of opinion that, in the majority of cases, 
the removal of a septic focus is to be regarded as a 
general measure to improve the health of the patient, rather 
than a specific act to remove the souroe of the infeotion.
It is a mere platitude to say that the chief aim of 
treatment is to destroy the infective agent. That is 
exactly where the difficulty lies, for there is no drug 
known which acts specifically in these cases, like quinine 
in malaria or salicylates in rheumatic fever. Furthermore, 
general antiseptios,when administered by the mouth or 
parenterally,cannot be obtained in the blood or tissues 
in/
13.
In concentrations sufficient to produce any effect on 
the causative organism. Nor can drugs be introduced 
directly through the skin into the affected joints by 
inunction, or, as will be seen in another part of this 
thesis, by an electric current, in quantities sufficient 
to affect in the slightest the disease process.
Since there is no known method by which a direct 
attack may be made on the infective agent, attention 
must be directed towards attacking it through the 
natural defensive mechanism of the body. This cannot 
be attained by the use of a specific vaccine,for the 
causative organism of the disease is unknown; and it is 
hopeless to expect that the injection of a vaccine made 
from one of the multitude of oiganisms which constitute 
the flora of the alimentary canal, respiratory passages, 
or genito-urinary tract,could lead to the production of 
anti-bodies which would affect specifically the unknown 
microbe. Accordingly,it would appear that the most 
which can be done is to take measures t*o avoid the 
sequelae of the disease by movement and massage, and to 
improve the general health and hygienic conditions of 
the patient in the hope that in this way the infection 
may be overcome.
One of the most striking features in the development
and/
14.
and progress of a case of rheumatoid arthritis, is the 
very slight reaction of the host to the invading organism,
- The stimulus is apparently small, and in general the 
reaction is slight. If a greater reaction could be 
produced by an applied stimulus,it might reasonably be 
expected that the beneficial results would be increased 
proportionately. The therapeutical measure which 
suggests itself as being suitable for an experiment of 
this nature is that known as intravenous protein therapy, 
non-specific protein therapy, or protein shock therapy. 
History of Protein Therapy.
Intravenous protein therapy implies the treatment 
of disease by injecting a protein into a patient by the 
lntra-venous route. In general,the protein is one 
which is not normally present in the tissues of man.
This method of treatment, which, as the name implies, is 
essentially non-specific had, curiously enough, its origin 
in a therapeutical measure which was based on the idea of 
the strictest specificity - namely vaccine therapy. As a 
result of the strenuous advocacy of W r i g M  and other 
immunologists,the treatment of disease by vaccines 
expanded until it included practically every form of 
infection. The greatest emphasis was laid on the 
importance of preparing these vaccines from the organisms 
which/
which were actually invading the tissues of the patient;
they must be autogenous, or, if that was impracticable,they
must be made from organisms similar to those which were
the causative agents of the disease. These views were
strictly in accordance with modern conceptions regarding
immunity. The dead bodies of the organisms introduced into
the tissues of the patient were expected to lead to a
production of specific anti-bodies which would reinforce
the defences of the body in their struggle with the
invading fbrces of disease. Further, the work of
Wright on “opsonitte* seemed to show that there was a
negative as well as a positive phase of resistance
following the injection of vaccine, and the greatest
care had to be exercised that no general systemic
reaction on the part of the patient should take place,
lest a negative phase of resistance should develop which
might do irreparable damage.
The eminently successful results following the
use of typhoid vaccine in the prophylaxis of typhoid
fever gave a flll$ to its use in the treatment of that
disease, but the clinical sue cesses,when the vaccine was
given subcutaneously and with all precautions against a
general reaction on the part of the patient,were not
(3)
great. In 1912 and again in 1914 Ichikawa, still 
with/
16.
with the idea of specificity, administered typhoid
vaccine by the intravenous route and reported on the
greater benefit which accrued from this method of
administration. He found that more than half of
his cases trreated in this. way were cured after the first
or second in jeotion,and he further made the startling
observation that,when he treated patients suffering from
para-typhoid fever with the same typhoid vaccine,he obtained
equally good results. He noticed also that there was
invariably a general reaction on the part of the patient in
the form of chill, temporary elevation of temperature, and
increased puls e-rate, but that this did not influence
detrimentally the results obtained. About the same time,
(4)
and Independently, some workers in the Argentine reported
similar successful results, following the intravenous use
(5)of typhoid vaccine,and Kraus and Mazza, struck with these 
findings,investigated the use of B. Coli-vaccine intra­
venously and found that it produced results which were quite 
as good. Here,then,were two very interesting and,from the 
immunological point of view,rather startling observations - 
Typhoid fever successfully treated with B.Coli vaccine,and 
paratyjahold fever with typhoid vaccine. It is true tnat 
the supporters of absolute specificity in the vaccine 
treatment of disease could still point to the fact that all 
the organisms used were closely allied,and that the results 
obtained/
17.
obtained might be due to something of the nature of a group 
reaction. Very soon, however, it became clear that this 
argument could not be accepted, for the intravenous injection 
of vaccines of other organisms idiich were entirely different 
from the causative organisms of the disease,was found to be 
followed by considerable benefit.
Prom these elinio&l results it became obvious that, to the 
various defensive agents which the body had been found to 
possess*-agglutinins, precipitins, opsomins, bacteriolysins 
and others,— there had to be added something else which had some 
therapeutical power. That "something" was induced by the 
injection of agents which were entirely different from the 
organisms causing the disease,and must therefore be not only 
entirely non-specific, but must also depend in some way on a 
general reaotion of the body. The exact nature of that 
"something" was,and still is, unknown, but as the intravenous 
injection of dead bacteria always resulted in a train of 
symptoms which resembled in some ways those of shock, an easy 
way out of the difficulty was to call it the "shock" reaction. 
Further,it was soon found that this "shock* reaction could be 
induced by the injection.not only of a bacterial protein,but 
also of any other protein,such as normal serum or proteoses, 
and it was realised that,in some way or other,this "protein 
shock reaction (to combine in a term its various attributes) on
the part of the patient might be of advantage in ridding the 
body/
18.
body of disease. It was very natural that a therapeutical
measure which seemed to be so general in its action should be
employed in other infections^and already there exists an
extensive literature reporting on its use in many diseases
w^ich are beyond the scope of this thesis.
(6)
In 1916,Miller and Lusk reported on a series of cases
of arthritis of various types treated in this way. Since
(7) (8 )
then,other workers in America, and Gov in this country,
have published their experiences with non-specific therapy, and
in general they conclude that in a certain proportion of cases
great benefit has been derived. An examination of the cases
reported shows that attention has been focussed chiefly on the
(9)
treatment of acute rheumatism,though Cowie and Calhoun have 
studied a small series of 7 cases of chronic arthritis which 
proved intractable to other forms of therapy^and Gow has 
reported three cases of rheumatoid arthritis ithich showed 
very marked improvement under this method of treatment. None 
of the investigators, however, has confined his observations 
to one type of disease, and in no instance have the cases 
been followed for a longer period than a few months.
For these reasons, it seemed to me to be a matter of 
considerable practical importance to investigate the efficacy 
of this procedure in rheumatoid arthritis. If the conclusions 
were to be of any value^the series must be made large enough 
to include nearly every form of the disease, early or advanced. 
Furthermore/
19.
Furthermore, the cases must be followed for a prolonged period 
to observe the ultimate effects of treatment. Again it will 
be obvious, from what has been said regarding the nature of 
the disease, that, while it would be perfectly justifiable 
to enquire whether the non-specific protein reaction brought 
the infective process to an end, it could hardly be expected 
that it would remove the adhesions from a joint, stretch a 
contracted muscle,or soften organised fibrous tissue. 
Accordingly, in treating the cases to be described,every 
measure was taken to prevent deformity,if it had not already 
taken place^or to correct existing deformities and increase 
the range of movement of joints by massage, passive movements, 
splints,and other orthopaedic resources available. Though 
the treatment is complicated,it does not appear that this 
complexity invalidates any conclusions which may be drawn 
regarding the effect of protein shock therapy, for the ultimate 
test applied was cessation of infection. As far as possible, 
the cases were followed over periods up to three years from 
the time they came under treatment,and the last report on 
each case will be noted. . An attempt will therefore be made 
to answer the following enquiries:-
(i) Xs non-specific protein therapy to be regarded as a
valuable addition to our therapeutical armamentarium, 
in dealing with joint diseases of this nature?
(ii) If it is to be so regarded, in what particular type of
types of oases are the best results to be expected?
In other words,what are the limits of efficacy of 
this t reatment ?
d m /
20.
(iii) If beneficial results follow this therapeutical
procedure, can these be regarded as permanent,or 
is the improvement only temporary?
In addition to these enquiries,which are chiefly 
of practical int erest, there will require to be considered 
the broader question of the mechanism of the non-specific 
protein react ion, which is of some importance because it may 
throw light on the problems of immunity.
The first point to be decided was the choice of a 
foreign protein. Consideration of the results of previous 
workers showed that the choice could be with advantage 
limited to three,-solutions of proteoses, normal horse 
serum, and bacterial proteins,-all of which produce similar 
effects. The first was rejected because of the very great 
care Triiich has to be exercised in its administration for, 
even if a solution of proteoses be injected very slowly into 
a vein, the injection is sometimes followed by collapse of 
the patient. The second presented even greater possibilities 
of danger, for the intravenous injection of serum,if given at too 
long an interval after a previous injection,might precipitate 
a true anaphylactic shock and thereby jeopardise the life of 
the patient. The final choice, therefore, lay between 
several bacterial proteins and,as the use of typhoid vaccine 
had been reported to be free from serious consequences, 
there was no good reason for using any other. Further, 
typhoid vaccine had the advantage that it ^sould be made up 
according/
21.
according to well-known rules, the dosage eould be fixed with a 
fair degree of accuracy, and its sterility could be guaranteed.
At the commencement of the investigation,ordinary typhoid 
vaccine alone was used, and in general each patient received 
as a first dose 100 million organisms in 5 cubic centimetres 
of normal saline solution.
The Reaction^
When this dose was injected intravenously into a patient, 
no symptoms made their appearance during the next 50 minutes*
At varying intervals after that, but generally within one hour 
from the time of injection, a very definite train of symptoms 
ensued, and often quite suddenly* In some cases,there was
only slight twitching of the muscles of the arms and legs,
accompanied at times by a feeling of coldness. In others, 
this twitching extended to the muscles of the trunk, became 
general, gave rise to an actual rigor, and the patient complained 
of Reeling very cold and shivery. This was by far the commonest 
result and accordingly, in order to increase the comfort of the 
patient,it became a routine measure to put extra blankets and 
hat water bottles in the bed as soon as the injection was given. 
The duration of the rigor was variable, sometimes lasting as 
long as one hour, but in the majority of cases it began to
pass off in 30-45 minutes. During the shivering, the
patient practically always complained of headache, in some 
cases/
cases slight, in others pronounced and lasting sometimes for 
as long as 24 hours. Frequently there was associated with 
the rigor, abdominal discomfort, nausea and vomiting, and in 
one case the patient suffered from slight diarrhoea. The 
nausea and vomiting was not generally severe, but in order 
to reduce it to a minimum it was found advisable to give 
the injections in the morning several hours after breakfast, 
ajld then give nothing but fluids until the discomfort 
following the administration had passed off. In a few 
oases, where the rigor did not sppear at all, the patient 
suffered from headache and a general feeling of malaise, 
and sometimes,when the appearance of the rigor was delayed 
for several hours, there was headache for an hour or two 
before the shivering started. Cases have been recorded 
in which the reaction was unusually severe,and where the 
patient became very restless, dyspnoeic,and cyanotic.
In such cases,it is said that the symptoms are relieved 
by a hypodermic injection of 1 cubio centimetre of 1 in 
1000 solution of adrenalin hydrochloride or l/lOOth 
grain of atropine sulphate. In the series of cases 
investigated, the necessity for administering such an 
injection did not arise. No reaction took place which 
was suggestive in any way of endangering the life of 
the patient.
Soon after the onset of the chill, or prior to it
if the chill was delayed, the patient1s temperature
began to rise and continued to do so until Jt reached
a maximum, sometimes in two,but more generally in six
to eight hour8,and occasionally even in ten hours. ThS
average range of maximum rise in temperature was between 102°F,
and 104r°F, the highest rise recorded being 106.8°F. in
case XI, Even with this very high temperature^ the
patient did not appear very ill and there was no cause
for alarm. Coincident with the increase in temperature
the pulse rate was increased generally from 20 to 30
beats per minute. Though the above may be taken as a
general statement of the rise in temperature which follows
the injection, it must be noted that in some cases it is
impossible to get such a rise. In case VI, for example,
though repeated injections were given, only in one
instance did the temperature rise to 100°F» The
significance of this observation will be discussed later.
From the time the rigor ceased until the temperature
reached its maximum,the patient as a rule felt hot and
uncomfortable, but then a profuse perspiration developed,
and with this the temperature began to fall. Th<* Jpatient
continued to sweat freely for several hours and during
that time often fell asleep, while the temperature fell
to normal. Generally speaking, even though there was
pyrexia previous to the injection, the temperature came 
down/
down to normal in 24 hours and in some oases did not 
rise again. Occasionally at the end of 24 hours the 
temperature was still elevated but, if this happened, 
the normal was reached during the next day. Prom this 
description of the events which follow the intravenous 
injection of typhoid vaccine,it will be obvious that 
the picture resembles in its essential qualities that 
seen in a palarial paroxysm. There is the "cold stage" 
associated with chill, an abrupt rise in temperature, 
nausea and vomiting. That is followed by a "hot stage" 
during whifch the patient feels uneasy and uncomfortable, 
and then ensues the "sweating stage* when the patient, 
bathed in perspiration, sinks into a Refreshing sleep 
and the temperature falls to normal. It can hardly, 
however, be inferred from this,that the mechanism ot the 
production of a malarial paroxysm is by the sudden 
introduction into the blood-stream of a foreign 
substance, either the parasites or the altered haemoglobin, 
but the remarkable similarity in the two pictures is at 
least suggestive.
During the general reaction,certain changes take 
place in the blood pressure and in the number of white 
cells in the blood. For practical reasons,it was 
quite impossible to study these changes in all the 
oases described in this thesis* It would have meant 
living with the patients during the investigation for 
changes/
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changes in the blood occur from hour to hour, A few
selected cases were studied in detail,and the observations
made coincide with those of other workers. Immediately
after the injeetion, there is a slight fall in the systolic
blood pressure and a diminution in the number of
leucocytes, particularly of the polymorphonuclear type.
This decrease in number reaches its lowest level about(10)
hours after the injection, Gow and CowJe and
(1 1 )
Calhoun, who have made similar observations, suggest 
that the reason for this leucopewia is the emigration 
of the leucocytes from the superficial blood to the 
internal organs. It seems to me that a more rational 
explanation is that it is due to the slowing of the 
circulation resulting from the fall in blood pressure,and 
to the consequent dropping out of the leucocytes from the 
main stream. The number of leucocytes now begins to 
increase,and from the 7th to the 9th hour reaches its 
highest level. At this time,a leucocytosis of 15,£00 
to 25*000 per c,m.m, can be observed,and the increase is 
chiefly of the polymorphonuclear type. In Case XI, where 
the temperature rose to 1 0 6 ,8F,, the number of leucocytes 
rose to 40,000 per c,m.m. In some cases only a small 
rise takes place,and in others (e.g. Case VI) there is 
no alteration in the number of the white cells. The 
leucocytes then diminish in number and in 15 to 24 hours 
have/
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Ijave returned to normal. The leucocyte curve in general 
follows the temperature curve*
Examination of films made a few hours after the 
in ject ion, showed the presence of myelocytes,and frequently 
nucleated red cells were seen* The appearance of these 
young cells in the blo©d-stream suggests that the effect 
of the intravenous injection of a foreign protein is to 
stimulate the tissues which produce the white cells of the 
blood, and lead to a leucocytosis*
The attached chart shows the leucocyte curves of 
typical eases.
In addition to the general reaction already described* 
there was frequently observed an aggravation of the symptoms 
of the disease from which the patients suffered. Shey 
complained that the affected joints were more painful, that 
their feeling of stiffness was increased, and objectively 
there was no doubt that the joints were more tender to 
touch. Many of the patients who suffered from fibrositis 
in different parts of the body and from panniculitis, complained 
that they felt "sore all over" - a complaint which indioated 
that the inflamed fibrous tissue which was the basis of these 
lesions had in some way been irritated*
Accentuation of the symptoms of the disease lasted 
until the temperature returned to normal, and generally 
for some hours after. This "focal" reaction, as it may 
be/
be called in contradistinction to the general reaction, is 
of some importance from the therapeutical point of view,and its 
significance will be discussed later. When the symptoms of 
the general reaction had subsided,the temperature had 
returned to normal, and the increased pain and tenderness 
in the affected joints had passed off, the patients, in the 
majority of cases,experienced a sense of well-being. They 
stated that they felt very much better, that their joints 
were less painful, and that they could move them more 
freely. In some cases this improvement was maintained, 
in others, after a day or two,the pain returned, the mobility 
diminished,and,in cases which had originally been febrile, 
the temperature began to rise again. It will be seen, 
therefore,that the reaction which follows the intravenous 
injection of typhoid vaccine is diphasic in type. The first 
phase is marked by general malaise and by an exaggeration 
of the symptoms of the disease. The second is associated 
with a general feeling of well-being and with considerable 
clinical improvement,though this improvement may be only 
temporary in oharaster.
It could hardly be expected that a disease so resistant 
to ordinary methods of treatment as chronic arthritis would 
be cured by one injection of typhoid vaccine,and therefore 
consideration had to be given to the questions of the 
frequency and dosage of subsequent injections.
Cowie/
Cowie states that, in the treatment of acute arthritis,we 
may be justified in giving daily injections but that, in 
view of the severity of the reaction and the condition of 
the patient, it is good practice to let a day intervene 
between the injections* After observing the effects of the 
first injection on a number of patients, I came to the conclusion 
that, in the olrcumstances,it was not justifiable to repeat 
the injeotions after so short an Interval* In the treatment 
of acute rheumatism,where speed is an all-important factor in 
order to minimise the risk of cardiac involvement, such a 
procedure may be perfectly justifiable* But in the more 
chronic forms of arthritis, where the disease has already 
lasted from several months to several years* there is not 
the same necessity for haste. In such cases>it seemed to me 
that it would be better practice to allow several days to 
elapse between the injections, for, if the method of cure was 
non-specific and therefore depending on some reaction on the 
part of the patient, it seemed that more benefit was likely 
to accrue if the patient was allowed to recover completely 
from the general upset induced by the previous injection*
In some cases the reaction was a severe otfdeal, so muoh so 
that, on one occasion,where an attempt was made to repeat the 
injection in two days, the patient refused to submit to it* 
Therefore it was decided to allow an Interval of at least four 
days between the injeotions, the second and subsequent 
in je ctions/
*9.
injections being given from five to seven days after the 
preceding. This decision was justified in its results* 
for in those cases where no improvement followed treatment 
at these intervals, more frequent injections were given, 
with no gain in therapeutic efficacy. Naturally^ the 
number of injections varied inversely as the beneficial 
results obtained. As a rule, four or five were given,
and in some cases,where the condition proved very resistant, 
as many as nine were administered. In general, the 
conclusion was reached that, if there was little or no 
improvement consequent on five intravenous injections of 
typhoid vaccine,there was no use proceeding further with 
this form of treatment.
The question of the dosage of subsequent injections 
presented a little difficulty at first, as it was found in 
some cases that the repeated injection of the original dose 
resulted in the patient reacting less and less as each dose 
was given. It was noted further at an early stag^ that 
unless there was some definite reaction,little or no benefit 
resulted. Accordingly, it was decided to give as the 
second dose 125 million or 150 fllllion typhoid organisms, 
depending on the extent of the original reaction. The 
third and subsequent doses were increased to 2oO million 
and 250 million, but the latter was the maximum employed.
It cannot be too strongly emphasised that the dosage is, 
as/
as may be expected, not a fixed one. A small dose may be
sufficient to induce a severe reaction in a sensitive
patient, but,judging from the experience gained in giving a
large number of such injections, it is quite safe to start
with loO million typhoid organisms* If the patient has a
good temperature reaction,the same dose can be repeated or
increased to 125 million. If, however,the reaction is not
great, 150 million should be given. The physician, when he
becomes familiar with this form of therapy, can gauge from
the previous reaction whether the dose should be diminished
or increased, but no additional benefit is likely to accrue
if the dose of 250 million typhoid organisms is exceeded,
(13)
Cecil states that,by accident,three of his patients were 
given 400 to 500 million typhoid bacilli intravenously, yet 
the reaction was little, if any, more severe than that oaused 
by smaller doses,and the therapeutic effect no better. I 
have not attempted to administer such doses, for I am 
convinced that the best procedure is to administer a dose 
sufficient to produce a sharp temperature reaction and as 
few side-effects, in the shape of headaohe, nausea, and 
vomiting, as possible. This can be attained, as has been 
indicated, by commencing with 100 million organisms, 
slightly increasing the next dose*, and then basing the dosage 
of subsequent injections on the reaction manifested by the 
patient. If this is done, it will be found that the 
reaction/
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reaction following the second and further doa«s is similar 
to that described in detail as following the first dose, 
the only difference being that the initial malaise is generally 
of shorter duration* and the uncomfortable effects on the 
patient less severe. The attached temperature charts give 
a clear idea of the train of events which constitute the 
protein shock readiion in typical c&ses.
In the first fourteen cases,ordinary typhoid vaccine 
in doses as described above was used, and the following are 
the clinical records of six of those cases. The other fcight 
oases are recorded in Series I of the Appendix.
Case 1. H.L. Male. Age 32. Admitted 14th March, 1921. 
History:- Illness began in December, 1920, when the left 
shoulder-joint became very painful, tender, and slightly 
swollen. A week later,the right shoulder joint became 
affected in a similar fashion, end during the next few weeks 
the disease spread to the elbow, wrist, and finger joints of 
both arms, and to both knees and ankle joints. He received 
treatment from his own medical attendant, but no improvement 
resulted. At times he suffered from considerable pain in the 
affected joints, at times the pain was slight, but stiffness 
and consequent limitation of movement persisted.
Previous History:- He had always enjoyed good health except 




The right elbow is very painful and tender and,as a 
consequence,the fore-arm can be flexea only through an angle 
of 30°• There is slight thickening of the peri-articular 
tissues of the joint. There is no swelling or pain in the 
left elbow,but movement of that joint is stiffly performed. 
Both wrists are swollen, as a result of thickening of the 
peri-articular tissues; they are tender, and movement is 
associated with a considerable aegree of pain. The proximal 
inter-phalange®l joints of both hands are swollen and painful, 
ana he can only half-close his hands. These joints of the 
ring and middle fingers of the right hand are fusiform, due 
to swelling ana hypertrophy 6f the synovial membrane and 
capsular ligaments, ana the patient can hardly move them. 
There is swelling of the right knee as a result of thickening 
of the synoTial membrane,and there is tenderness on pressure 
over this swelling. There is no evidence of fluid within 
the joints. The left knee, both ankles, and both shoulders, 
are painful and slightly tender,but there is no swelling in 
any of these joints, though all movements thereof are stiffly 
performed. This pain and stiffness is most marked in the 
morning and beoomes less as the day advances and the patient 
moves his joints.
The temperature is normal. The heart and lungs are 
unaffected. No Septic Focus can be found*
T r e a t m e n t 29/3/fcl. At 10.30 a.m. 100 million typhoid 
organisms /
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organisms in 5 c.c. of normal saline were given intravenously*
The leucocyte count before injection was 6,000 per c.mm. At
12 noon, headache developed which was severe for 45 minutes 
and then became dull. Temperature at that time was 99.8°F., 
and leucocyte count was 3,800 per c.mm. At 4 p.m. the 
temperature was 100°.2 F. &nd leucocyte count was 8,600 per c.mm. 
At 6 p.m. he developed a slight rigor which lasted for 30 
minutes,and at 8 p.m. the temperature had risen to 103°.6 F.
The leucocyte count at this time was 15,600 per c.mm. At
10.30 p.m. he began to perspire and by 11 p.m. was bathed in
perspiration.
80/3/31. At 8 a.m. Temperature was 100°.6 F. and 
leucocyte count 7,500. He complained of- increased pain and 
stiffness in his affected joints which were more tender on 
pressure.
31/3'Si. Temperature 98°*6 F. Leucocyte count 6,500 
per c.mm. There was diminution of pain, swelling, and stiff- 
ness>in the affected joints,and he was much more supple.
6A/&1. At 10.30 a.m. 150 million typhoid organisms 
in 5 c.c. of normal saline were given intravenously. At 
11 a.m. a rigor developed which lasted for 30 minutes. The 
temperature gradually rose, at 2 p.m. was 101°.3 F.,and at 
p.m. reached its highest level, viz. 104°F. He then began 
to perspire freely, ftll asleep, ana at midnight his 
temperature was 98°.6 F. Nex£ morning,the temperature 
was /
34.
was normal. The leucocyte counts -were as shown on the 
diagram indicating the typical changes which take place 
in the number of white cells of the blood consequent on the 
injection of a foreign protein. During the reaction,he 
suffered from headache which was not so severe or prolonged 
as during the first reaction. His joints were at first 
more painful, but during the next day the pain and stiffness 
receded anV the range of movement was increased.
For the third injection, a dose of 200 million organisms 
was administered. The general reaction was not so sevei^,the 
temperature rising to 103°F., and the leucocyte count to 
16,800* Again all the joints began to ache after the rigor, 
but this aching grauually passed off,and two days afterwards 
the following clinical note was made "To-day the swelling 
of the right knee-joint and of the inter-phalangeal joints 
has almost disappeared. He still complains of stiffness, but 
the range of movement of all joints is much greater,and the 
pain associated with movement is considerably diminished."
Two more inflections were given in doses of 250 million 
organisms, and consequent on these injections the following 
note was made. 30 A / S I  "All movements are now of full range. 
There is no swelling of any joint and no pain on movement.
He still complains of some stiffness and tiredness in the 
joints of his legs after walkingabout for some time."
Other two injections of 250 million organisms were given
but /
35.
but the reaction following the injection in each case was 
slight.
On 13/5/&1 he was discharged well.
After History;- In March, 1923,1 learned that this patient 
had returned to his work as a miner. Since that time,I have
not been able to get into touch with him.
Case III. T.L. Age 23. Male. Admitted 25th Feb., 1921. 
History:- Illness commenced in October, 1920, with pain, 
swelling,and stiffness,in the right wrist-joint. This con­
tinued for one month,and then the left knee became stiff, 
swollen, and slightly painful. The disease spread to both 
ankles, the right knee, left elbow, right wrist, and several 
of the joints of the fingers.
Previous Health:- Good.
Condition on Admission:- The patient looks ill, worn, and 
cachectic. He sweats freely,and the temperature is elevated. 
Both wrists show a swollen hypertrophied synovial membrane, 
are very tender to touch,and painful on movement. The 
metacarpo-phalangeal joint of the right index finger is 
affected in the same way, and there is some atrophy of the 
intrinsic muscles of the hands.
Both knees: are markedly swollen and tender. They contain 
fluid,and the synovial membrane is hypertrophied. The fluid 
withdrawn from the joint and examined for organisms showed 
none in film or on culture. There is marked atrophy of the 
muscles/
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muscles above the knees and of the calf muscles. The 
ankle-joints show thickening of synovial membrane and periar 
ticular tissues,and are very painful and tender. No focus 
of infection is discovered.
T r e a t m e n t During the first five weeks of this patient’s 
stay in hospital*carbolic oil dressings were applied to 
his ankles, knees, and wrists, and he was treated with 
intramuscular injections of Intramine, (Colfcosal Sulphur) 
and Collosi1 Iodine by mouth. There was no improvement; 
indeed, the infection had spread to the right elbow-joint 
which was painful and swollen, and the biceps muscle was 
beginning to show some degree of contracture. During all 
this time the temperature remained elevated, being seldom 
normal and never rising above 100°p. He was quite unable 
to walk,and movement, even in bed,caused considerable pain.
29/4/&1. 100 million typhoid organisms were injected
intravenously. There was a considerable reaction, and in 
48 hours the temperature had fallen to normal. During the 
remainder of his stay in hospital,it did not rise again. 
Following on a second injection of 125 million organisms, 
there was a better temperature response than on the first 
occasion, and improvement began to take place. The knees, 
elbows, and wrists5beoame less swollen and tender.
He was given a series of injections, nine in all, 
in doses rising to 250 million organisms. This was done 
at /
at an early period in the investigation,when it was not 
quite clear how many injections should be given. There is 
little doubt that the last four were unnecessary. After 
each injection,there wasa fairly good temperature reaction, 
though the headache and general malaise diminished as the 
number of lnj ections increased.
Condition on D i s c h a r g e "Left elbow and all finger-joints are 
now normal, though there is still some atrophy of the 
intrinsic muscles of the hands. Both wrists and both ankles 
show some thickening of the periarticular tissues and synovial 
membranes, but there is no pain or tenderness on pressure, and 
movement of these joints is only very slightly restricted. 
There is still some thickening of the tissues round both 
knees,but movement is complete in range,and there is no pain 
or tenderness. The patient*s general health has shown marked 
improvement. He walks well but stiffly."
After History:- 20A/&3. The patient was seen to-day. Since 
his discharge from hospital,he has completed his apprentice­
ship as a boiler-maker. He walks perfectly, and it would be 
impossible to say that he had ever suffered from disease 
of his joints.
Feb.1924. The patient, having failed to get work at 
his traae, has been employed for the past five months as 
a postman. He is well.
Case V. J. McC. Female. Aet.35. Admitted 29/3/21. 
History/
History:- Illness began %£ years ago with swelling in 
the right ankle and lameness , followed soon by pain in 
both knees, without swelling. She continued at work for 
6 months,though the pain in her knees caused much loss of 
sleep. The disease has been progressive, and gradually all 
the joints,with, the exception of the hip joints, have become 
affected. The ankles, wrists, feet,and hands,are now 
deformed.
Previous History:- She states she has always had good 
health.
Condition on admission:- The patient is thin but looks 
healthy. There is marked thickening of the synovial 
membrane of both wrist-joints and of the metacarpo-phalangeal 
joints of both hands. The interossel muscles are atrophied, 
and there is marked ulnar deviation of the fingers. The 
wrists cannot be extended,but they can be flexed to a right 
angle. Swelling of the interphalangeal joints prevents 
the closing of the hands completely. Sklgrams show 
thinning of cartilage and atrophy of bone at ends of phalanges
The elbows show thickening of synovial membrane, and 
contracture of both biceps muscles limits extension to about 
30° from the straight position, though flexion is complete.
There is partial ankylosis (fibrous) of both shoulder 
joints. They can be abaucted to almost a right angle with 




The knees are only very slightly thickened,but are 
very painful, particularly during the night. The ankles 
are slightly tender on pressure. There is marked external 
deviation of the toes of both feet, the meta-tar so- 
phalangeal joints being swollen, painful, and tender on 
pressure, and partially dislocated by the contracture of 
the extensor tendons of the toes. There is pain in other 
parts of the body, particularly at the back of the neck, 
on the shoulders, and on the soles of both feet, due to 
fibrositis.
No focus of infection can be found. Heart and lungs 
are normal.
T r e a t m e n t This patient was obviously suffering from 
what mayjbe regarded as the permanent sequelae of rheumatoid 
arthritis, and the deformities of the hands and feet had 
reached such a stage, that nothing in the way of treatment 
would be likely to correct them. It was decided to try 
the effect of intravenous protein therapy, in the hope 
that it might at least diminish the severe pain, and quell 
the infective process.
8 injections in all were given intravenously. After 
each injection, pain was Increased ia the affected joints 
for 2*-48 hours, followed by a considerable diminution. 
Following on the third injection, the pain which the 
patient /
40.
patient suffered at night disappeared, and she could move 
her joints more freely. Five more injections were given, 
and though the deformities persisted and she could henale 
things only with difficulty,and walk slowly and awkwardly, 
she left hospital improved in the sense that she suffered 
much less pain than she aid before treatment, and there was 
greater mobility of the affected joints.
After history:- March 1924. ThiB improvement has been 
maintained. There has been no recrudescence of the disease.
No other joint has become affected.
Case VI. J.G. Male. Aet.41. Admittea 6th April, 1921.
History;- In 1909,he began to suffer from stiffness and
pain in his feet and ankles. Gradually the condition spread, 
his knees, ankles, and shoulders, becoming very swollen and
painful. From time to time remissions took place, but the 
swelling and pain always returned, sometimes affecting other 
joints, each recurrence leaving him more and more crippled.
His spine became stiff, the temporo-mandibular joints on both 
sides became affected, and when he was admitted to the Western 
Infirmary in October, 1919, he w^as a complete cripple. It wao 
found, at that time$that he had marked pyuria and t&at the 
bladder was very small and contracted, its capacity,when 
attempts were made to fill it,being not greater than 6 fluid 
ounces. No tubercle baoilli or gonococei were found in the 
urine, which contained,on culture,a gram positive diplooouowa 
resembling/
42.
resembling the pBeumococcus,and a few colonies of a coarse 
diphtheroid bacillus. Fluid withdrawn from the knee-joint 
showed no organisms on film,but a scanty growth of a gram 
negative bacillus on culture.
He received vigorous treatment for the Cystitis, but little 
or no improvement resulted,and he was discharged in statu quo.
He was admitted again in September, 1920, but no improve­
ment resulted from the treatment he received in hospital. 
Condition:- On re-admission in April, 1921, it is found 
that his head is quite immoveable on his shoulders,and that 
nis neck is rigid - the result of ankylosis of the cervical 
vertebrae. The temporo-mandibular joints on both sides are 
ankylosed,and the 6ap between the upper and lower teeth is 
not more than £ inch. The knees are permanently fixed, due 
to contracture of the flexor muscles, and any attempt to 
straighten them causes considerable pain. There is marked 
loosening of the ligaments of the fingers and toes,and atrophy 
of all the muscles of the limbs. He still passes a large 
quantity of pus in the urine,and the bladder is small and 
contracted,so that he has incontinence of urine day and night. 
Treatment- This patient was in a very low state of health.
He was bed-ridden,and the alterations which had taken place 
In his joints and muscles were obviously permanent. It was 
possible that his disabilities were increased by the constant 
toxic absorption from his septic bladder, and as this condition 
had/
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had been absolutely resistant to treatment by lavage and 
all the ordinary urinary antiseptics given by the mouth, 
it was decided to try the effect of protein shock therapy.
The first injection consisted of 100 million typhoid 
organisms. After the injection he felt shivery, had some 
nausea, and his temperature rose to 100°F. There was 
no alteration in the amount of pus in his urine,and no 
change in his joint condition.
Eight other injections were given in doses rising to 
300 million organisms, but although,after each injection,the 
patient had nausea and occasionally shivering, the temperature 
aid not rise above 100°F. In addition it was noted that there 
was no increase in the leucoc yte count after each injection, 
the highest count being 6,500 per c.mm.
There was no improvement in his joints, and there was 
no diminution in the amount of pus in his urine. He was 
dismissed from hospital in statu quo ante.
Remarks:- This case is of interest in that, though the 
dosage was increased to 300 million organisms, it was 
impossible to produce a reaction on the part of the patient, 
either in the form of increased temperature, or of increase 
in the number of white cells of the’blood.
Case/
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Case X. C.M. Female. Aet.50. Admitted 27th kay^ .1921. 
History:- Illness commenced in October, 1919,with pain 
and swelling in the feet. In December, 1919, the joints 
of the fingers became swollen and painful, ana she was 
incapacitatea for work# She had suffered for some years 
from chronic bronchitis.
She was admitted to the Western Infirmary in January, 
1920. There was synovial thickening in the joints of the 
fingers,and ulnar deviation of the fingers on both sides.
The metatarsophalangeal joints of the 1st and 2nd toes of 
the right foot were swollen. She exhibited all the signs 
of chronic bronchitis.
She v/as treated with injections of normal horse serum, 
and showed some improvement, as the swelling of the finger 
joints partially subsiaed,and movement of the joints of the 
feet increased. She was discharged from hospital in March, 
1920.
This improvement was maintained for a short time, but 
the condition recurred and she was readmitted in May, 1921. 
Condition on aamlssion:- The right wrist is markedly 
swollen and tender,and feels pulpy to touch. Movement is 
considerably restricted. All the proximal inter-phalangeal 
joints are painful,and that of the left middle finger shows 
distinct fusiform swelling. The skin over the swelling
is/
44.
is bluish in colour. There is ulnar deviation of the
fingers of both handstand some atrophy of the intrinsio 
muscles of the hanas. The knees are slightly swollen but 
not tender, and movement is unimpaired. There is thickening 
of the synovial membrane of the left metatarsophalangeal 
joints and in that of the right great toe, which are painful 
and tender on pressure.
The chest is Smphysematous; the respiratDifjr murmur is 
harsh and accompanied by sibilant and sonorous rhonchi and 
coarse rales. She perspires freely. The heart is normal. 
T r e a t m e n t Six injections were given in doses rising to 
250 million typhoid organisms. After each injection there 
was considerable reaction, the temperature rising to between 
102°F. and 103°F. with the usual increase of pain, followed 
by a diminution in the symptoms.
There was no marked improvement as a result of the 
treatment in this case. It is true that there was less pain 
and swelling in the right wrist and fingers, and movements 
were freer. But there was still tenderness on pressure over 
all the metatarsophalangeal joints of the left foot and the 
right great toe, which interfered with walking. The 
infective process was still active.
Remarks:- It is possible that there was a focus of 
infection in this case, namely, the severe chronic bronchitis 
from/
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from which she suffered.
Case XI. J.M. Male. Age 30. Admitted 14th June, 1921. 
History:- One evening in the beginning of May, 1921,he 
felt a tingling sensation in his feet>and,the following day, 
he had pain and swelling of the metatarsophalangeal joints.
He continued at work till the end of May, when the pain and 
swelling increased,and he was forced to remain in bed. During 
the 14 days prior to his admission to hospital, the right knee 
and then the left became very painful and swollen, and several 
of the finger joints became similarly affected. Both elbows 
and the left shoulder were painful for a time,but this passed 
off.
Previous Health:- From 1917-1919 he served with the army 
in.Egyptfana,while there, suffered from malaria and bronchitis. 
Otherwise his health was good. He stated he had never suffered 
from gonorrh#s&.
Condition on admission:- The left knee is swollen and the 
joint contains a considerable amount of fluid. A film made 
from this fluid shows the presence of a considerable number 
of leucocytes, some gram-negative bacilli, and a few gram- 
positive diplooocci. Repeated attempts to grow these 
organisms proved unsuccessful.
The right knee is very little affected,but the patient 
states that before admission it was worse than the left.
There/
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There is marked swelling of the periarticular tissues 
of the metatarsophalangeal joints of both feet. These are
very tender to pressure,and the slightest movement causes pain.
The proximal inter-phalangeal joints of the little |
finger of the right hand and of the fourth finger of the 
left hand are swollen and painful, and normal movement is 
impossible.
His general condition is poor. Temperature and pulse 
are elevated. No septic foci oan be found. Heart and lungs 
are normal.
T r e a t m e n t Six injections were given at intervals of 
5 days, before the pat rent* s temperature settled to normal 
and remained there. During that time,there was gradual 
and continuous improvement of the joint condition*and a 
note made a week after the 6th injection states "Temperature 
has remained normal since last injection. The left knee-joint 
now contains no fluid,but has some thickening,and is still 
stiff and slightly tender on pressure. The joints of the 
right hand are now normal. There is some pain and stiffness 
in the proximal inter-phalangeal joint of the left ring finger, 
and still some swelling and tenderness of the metatarsophalangeal 
joints of both feet."
No more injections were given for 14 days, during which i 
time the temperature remained normal,and all the affected 
joints/
joints became well except those of the toes and the left 
ring finger. He then received a acse of £50 million 
fcyphoid organisms ana his temperature rose to 106°.8 F.
(This was the highest recorded temperature in the whole 
series of cases and, as I have already indicated, was not 
associated with any alarming symptoms.) The leucocyte 
count at the height of the reaction was 40,000 per c.mm.
The temperature reached normal in 24 hours and did not 
rise again. No further injections were given, and the 
painful condition of the metatarsophalangeal joints was 
treated by massage, brine baths, and active and passive 
movements. For a time,there v/as considerable hyperaesthesia 
of the skin of the feet, resembling somewhat the condition 
seen in trench feet, but this slowly passeu offhand he was 
discharged from hospital practically well.
After History:- March, 1924. The patient has returned to 
his work as a baker. He states that after a long walk 
his feet are sore and stiff. This is caused by several 
callosities which have developed over the interphalangeal 
joints of the toes of both feet. All the joints of the 
body appear normal. The infective process has been 
completely checked.
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From this comparatively small series of oases, certain 
definite conclusions could be drawn. By the use of the non­
specific protein reaction, better results could be obtained in 
the treatment of rheumatoid arthritis than by any other thera­
peutical measure. Seven of the fourteen cases had shown very 
marked improvement; in one case,the infective agent appeared to 
be quelled in all joints except one; two had,to some extent,been 
improved; and in four cases only,no benefit had been derived. 
Whether complete cure had been attained in any case,remained 
for time to show. Certain features of this therapeutical measure 
were however objectionable, in that it was an uncomfortable 
ordeal for the patient who, on occasion, complained of the sick­
ness or>more frequently, the severe headache which followed the 
injecticn. I decideu, because of this, to investigate as to 
whether such a powerful reaction was essential, and whether 
similar results ^ould be obtained by the use of an agent which 
was less toxic to the patient. For this purpose,I used a
residual or detoxicated typhoid vaccine made according to the
(14)method described by Jenkins. The essential characteristic of 
this vaccine is that the endo-toxins of the organisms are removed 
by various chemical means, and that it consists solely of the
£
protoplasm of the bodies of the organisms. If similar thera- !
peutical results,without most of the associated malaise,could be •
obtained by the use of a vaccine of this type> it would be of
great advantage. In the next series of cases to be recorded, this
vaccine was usea in doses similar to those given in the first 
series.
During the investigation of the O.9eo in whioh ordinary 
typhoid/ ases
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typhoid vaccine was used>some observations were made an the 
production of agglutinins. As was to be expected* the 
intravenous injection of ordinary tjtphoid vaccine invariably 
resulted in an increase in the agglutinin titre of the serum 
of the patient. In the new series* when detoxicated vaccine 
was injected intravenously,it was found that in every case 
except one* Case XVI* there was no increase whatever in the 
agglutinin titre. The exception was so striking,that further 
comment is reserved until the case is dealt with in full* 
for the observations made in this case appear to throwT some 
light on the mechanism of the non-specific reaction.
In this series,16 cases were treated,and the clinical 
records of six of these are described here. The records of 
the other ten cases will be found in series 2 of the Appendix. 
Case XV. U.A. Female. Age SO. Admitted 20th Sept.* 1921. 
History:- Illness commenced 10 years ago,with pain in soles 
of feet along the balls of the toes. This persisted for one 
year,but was never very severe,and she was able to walk about. 
About that time she suffered from a profuse leucorrhoe&l 
discharge. The left ankle then became swollen and painful* 
and the condition spread to both wrists and both shoulders.
During the next seven years,the joint condition underwent 
a series of remissions and exacerbations. Sometimes she had 
little or no pain* at other times she was very stiff and her 
joints/
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joints were tender, but she was able to carry on her housework.
In 1919, G weeks after the birth of her child, the left 
ankle became very much swollen and painful, the left wrist 
became affected in the same way, and she began to have 
difficulty in raising ^oth arms above the level of the 
shoulders. This, she states, was due partly to pain in 
the shoulders ana partly to weakness. These joints remained 
affected for the next nine months, and then considerable 
improvement took place ana she was able to get about fairly 
comfortably.
In June, 1921, the aisease returned to the joints which 
had originally been affected, and has persisted until date 
of admission.
Previous History:- She has always had good health until the 
commencement of this illness.
Condition on Admission:- There is still occasional white 
discharge from the vagina,but this is not more than ordinary 
leucorrhoea. There is no evidence of gonococcal infection, 
and no septic foci can be found.
There is considerable wasting of the muscles of the 
shoulder girdles. Movements of the shoulder-joints are 
not limitea, but are stiffly performed and associated with 
pain over the anterior aspect of the joints. Pressure over
these parts shows that there is slight thickening and
tenderness of the synovial membranes. There is a painful 
fibrous/
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fibrous nodule on the right suprascapular region.
The elbow-joint8 are not affected,but the wrists 
show thicleaning of periarticular tissues and are tender 
on pressure. There is marked limitation of movement. In 
the right wrist,no extension is possible, and flexion only 
through 15°. The left wrist can be extended through 15° 
and flexed through 10° from the straight line.
The only finger joint affected is the proximal inter- 
phalangeal joint of the right little finger, the synovial 
membrane of which is swollen and tender. The hip, knee, and 
right ankle joints,are not affected,but the left ankle is 
swollen and tender to pressure just below the internal and 
external malleoli. There is marked deformity of all the 
toes of both feet. There is tenderness on pressure over the 
metatarsophalangeal joints, and there is fibrous tissue creak­
ing on movement.
T r e a t m e n t A first injection of 100 million detoxicated 
typhoid organisms ¥/ar given at 10.30 a.m. Two hours 
afterwards,she had a rigor which lasted for 30 minutes,and 
then there followed the usual train of symptoms associated 
with the injection of ordinary vaccine. There was the hot 
stage, after which she perspired freely. She had slight 
nausea and severe headache, the temperature rose to 103° 
and returned to normal in 24 hours. The leucooyte count rose 
from/
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from 4,800 to 18,000 the next day,and returned to 6,000 per 
c.mm. in 48 hours*
During the sweating stage,the patient had sharp pain 
in all affected jointB. It is interesting to note that the 
pain was increased in the fibrous nodule on the right supra­
scapular region.
This exacerbation of symptoms passed off, and in three 
days there was considerable improvement. All the affected 
joints were freer in movement, and the swelling in the left 
ankle had diminished.
A second injection of 200 million organisms was given, 
the same train of symptoms followed, but the rigor was of 
shorter duration. There was no nausea,and the highest 
temperature recorded was 100°.8 F. There was again exacerbation 
of symptoms,and the affected phalangeal joints became very 
painful and red.
Four days afterwards,a third injection of 250 million 
organisms was given. Following this,there was no rigor but 
merely a feeling of cold. The temperature rose to 100°.8 F., 
severe headache ensued, and all the affected joints became 
sore and stiff.
Three further injections of 250 million organisms were 
given and even though*in one instance ̂ the temperature only 
reached 99°F«, the patient had the same feeling of coldness
and then of heat and sweating,with severe headache and pain 
in/
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in all affected joints.
Continuous improvement in the joint condition was 
observed. She was given exercises and massage to render 
her more supple, and,on her discharge from hospital on 7th 
November, 1922, the following was her condition. "All 
movements of the shoulder joints are performed freely and 
without pain. The finger joints are now normal. There is 
still thickening of the periarticular tissues of both wrists, 
but the range of movement is markedly increased and is not 
associated with pain or tenderness.
The swelling of the left ankle is much less,and all 
movements can be performed completely ana without pain.
There Is now no pain on pressure over metatarsophalangeal 
joints."
After History:- 2nd February, 1924. This patient was 
seen to-day. The Improvement has been maintained. She is 
able to perform all her household duties,and can walk five 
miles without fatigue. On occasion, she has pain in her 
shoulders which is relieved by massage. This pain is due to 
flbrositis. There is still some thickening of the periar­
ticular tissues of both wrists.
Case XVI. J.McK. Female. Age 17. Admitted 20th Sept., 1921. 
History:- The illness began acutely in December, 1919, with 
heaaache, vomiting, and general malaise, and a transient 
rash/
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rash appeared on the arms and legs. The right knee-joint 
became very painful and swollen, and,in a few days,the disease 
spread to the left knee and to both ankles. Associated with 
these symptoms there was marked elevation of temperature, 
which persisted in spite of treatment with salicylates.
After two weeks,the affection of the knees and ankles 
became much less, but the high temperature persisted. Her 
doctor could not account for this,and sent the blood to be 
examined by W&dal*s test. He received a report saying that 
the tewt was positive, but,in a letter which accompanied 
the patient to hospital,ha remarked that he doubted if she 
really suffered from enteric fever. This positive Wfcdal 
reaction is of great interest in view of the subsequent 
history of the case.
The temperature settled gradually,and the joint oondition 
improved, but she still had some pain and stiffness in the
affected joints, and was unable to move about freely.
In March, 1920, there was another acute attaok, the 
temperature rising and remaining high, while both wrists 
became affected. This attaok persisted with varying degrees 
of intensity of symptoms until June, 1920, when the 
temperature settled to normal,and the*patient was able 
to get up and go about for the first time since December,
1919, though the wrist-joints remained swollen and painful.
In/
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In October, 1920, she had another bout of fever with 
sickness and vomiting. In this, as in the former attack* 
all the affectea joints became sore and swollen. This 
attaok gradually subsided about Christmas, 1920,
In February, 1921*.there was a fourth similar 
attack, and this time the proximal inter-phalangeal 
joint of the left index finger became affected. This 
gradually subsided, but in April* 19b 1* she had another 
attack,and all the joints of the fingers became affected. 
This attack lasted till June, 1921* when she definitely 
improved. Since that date*there have been no further 
attacks.
The salient facts in the history are therefore 
(1) Five quite definite attacks of high fever with pain 
and swelling in joints recurring at irregular intervals, 
and on each occasion involving some new joint and (2)
A Positive Widal Reaction.
Condition on Admission:- The shoulder-joints are 
unaffected. The elbow joints show a little thickening 
of the periarticular tissues,but there is no pain or 
tenderness on pressure. There is slight contracture of 
the right biceps muscle and greater contracture of the 
left biceps,which limits movement of the forearms in 
extension.
The right wrist shows marked thickening of
the/
56.
the periarticular tissues, and synovial membrane, is very 
tender on pressure,and only very slight movement is possible 
without causing the patient a great amount of pain. There 
is wasting of the intrinsic muscles of the hand.
The thickening of the tissues of the left wrist is 
not so marked as on the right side. There is only slight 
pain and tenderness, and the joint can be extended through 
an angle of 10° and flexed through an angle of 30° from 
the straight line.
All the proximal interphalangeal joints are swollen 
and fusiform^aue to the thickening of their synovial 
membranes, and they are very tender on pressure. There 
is some contracture of the flexor muscles of the fingers, 
and the ring and little fingers of both hands show very 
considerable deformity.
The knee and ankle joints are now normal, yet these 
were the first to be affected. The metatarsophalangeal 
joints of both feet are swollen because of thickening 
of the synovial membrane, and are tender on pressure.
There are also some areas on the soles which are tender, 
and she states that,when she walks or stands about for 
any length of tlme^her feet become hot and painful on the 
soles and along the roots of the toes.
The temperature on admission is normal.
Treatment:- The temperature remained normal for the
first/
first few days after admission, and then began slowly 
to rise. On 29th Sept.* the first injection of 100 
million detoxicated typhoid organisms was given. In 
90 minuted,there was a rigor which lasted for 45 minutes, 
followed by the usual hot and sweating stages,and with 
increase of Btiffness in affected joints,but no increase 
of pain. The temperature rose to 102°F. and in 18 hours 
Returned to normal. Thereafter, however, it became of the 
remittent type,and on 1st October the spleen was palpable. 
On 6 A 0 A 1  * second injection of 200 million organisms 
was given, and this was followed by the usual train of 
symptoms. Consequent on this four doses of 250 million 
organisms were given on llAO/fcl, 19Ao/kl, 2 5 A 0/21, 
and S A l A l .
After the second injection,the temperature became 
irregularly intermittent, and,following the fourth 
injection,it became normal and remained so during the 
remainder of the patient^s stay in hospital. The spleen 
was palpable until the 19A0/21. The temperature curves 
following the last two doses of vaccine were of normal 
type. At no time was there any diarrhoea, and the 
patient, although fevered, did not feel ill. No typhoid 
organisms were found in repeated examination of the 
stools.
The following is the record of the Widal Reaotions.
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JDate. Standard Agglutinin Units.
29/9/21 (before t r e a t m e n t ) ............ 3.6
11/10/21............................... 555
19A0/fcl............................... 714
25 A O / 2 1 ............................... 205
2 3 / 1 1 /2 1................................ 35
The joint condition showed some improvement. The swelling 
of the proximal inter-phalangeal joints diminished, there 
was less tenderness,and the range of movement was increased, 
ihe only change in the wrist joints was that the left wrist 
was less painful. There was diminution in tenderness of the 
metatarsophalangeal joints of both feet,and she could walk 
more easily.
R e m a r k s The most striking features in this case were 
the extraordinary changes which took placd in the agglutinin 
titre, the appearanoe of intermittent fever, and the enlarge­
ment of the spleen, oocurring after the injeotion of detoxicated 
typhoid vaccine. Vaccine from the same ampoule had been given 
to Case XV., but here the temperature returned to normal in 
24 hours,and there was no change in tne agglutinin titre of 
her serum. Furthermore, none of the other oases treated with 
detoxicated vaccine exhibited a similar train of symptoms,and 
no alteration was observed in the agglutinin content of their 
sera.
To explain these curious results, attention must be drawn 
to the fact noted by her usual medical attendant that some 
weeks/
weeks after the onset of the disease the blood showed a 
positive Widal reaction. It is possible that the infective 
agent responsible for her first condition was the B.typhosus, 
that she was really a typhoid carrier, and that the effect 
of the non-specific reaction was to stir up an attaok of 
typhoid fever. Against this must be put the fact that 
repeated examination of her stools for 3.typhosus gave 
negative results, and that,though she had intermittent 
fever,she felt well, took her food well, and appeared to be 
very little upset. Another possible explanation is thst the 
intravenous injection of a foreign protein resulted in the 
flushing out into the blood-stream of agglutinins already formed 
and lying in the tissues. In this connection,Conradi and 
Bieling^hlve reported that they treated rabbits with typhoid 
vaccine and found that, at a later period,the injection of colon,
dysentery, and diphtheria bacilli,led to a marked increase
(16)in typhoid agglutinins. Furthermore,Hektoen sensitised 
rabbits to horse serum and found that later on, when the 
specific antibodies to this serum had disappeared from the 
blood, they could be made to reappear when quite different 
types of sera were injected. I am therefore inclined to the 
belief that in this case the detoxicated vaccine acted as a 
non-specific stimulint to the tissues, and caused the 
agglutinins lying there to be flushed out into the blood stream. 
This/
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This may be part of the general mechanism by which the non- 
epeoifio protein reaction is of benefit in disease.
After History:- March, 1924. This patient remained 
comparatively well for 9 months after leaving hospital, 
but the condition then returned,and she is now as bad 
as ever.
Case XIX. R.McC. Female. Admitted 1st April, 1922. 
History:- Illness began S& months ago with pain, stiffness, 
and swelling,of the wrists and finger-joints. The patient 
was able to carry on her work until 7 weeks before admission, 
when the pain became severe and she was forced to go to bed. 
Condition on Admission:- There is thickening of the 
periarticular tissues of both wrists and of several of 
the finger-joints. These joints are very painful and 
tender*. She has a marked degree of panniculitis in the 
shoulders, back, arms, and thighs. No focus of infection 
can be discovered.
T r e a t m e n t Two infections of detoxicated typhoid vaccine 
in doses of 100, and 200 million OT&toimaB were given 
intravenously. There was no reaction, and no improvement 
was observed. Some fresh detoxicated vaccine was prepared, 
and three doses of 100, 150, and 200 million organisms were 
injeoted. These injections were followed by shivering, 
headache, and temperature, response, with increased aching 
in the affectea joints and all over the body.
She/
She showed marked improvement, and on discharge from 
hospital had no pain in the affected joints.
After History:- 28th February, 1924. There is still 
slight thickening of both wrist-joints,but very much less 
than on admission. These joints are not painful, movement 
is of full range, and she can do all her household duties.
Her fingers are normal.
R e s u l t In this case the infective process has been 
completely stopped.
Remarks:- This case illustrates the necessity for some
reaction on the part of the patient*if benefit is to be 
derived from the intravenous injection of a foreign protein. 
Case XX. M.S. Female. Age 46. Admitted 14th April, 1922.
History:- Illness commenced in July, 1921, with swelling
and a little stiffness in the right wrist, and Boon after­
wards the left wrist became affected in a similar fashion. 
There was no pain in the joints. The swelling persisted, 
and in January, 1922, both ankles became painful and 
swollen. At that time,she developed a dry scaly eruption 
on her face and arms. In 10 days time,the eruption left 
her face,but has continued on the fore-arMU Since January, 
the condition of the wrists and ankles has not altered 




Previous Health:- She has always had good health.
Condition on Admission:- There is very marked swelling and 
thickening of the periarticular tissues and synovial membranes 
of both wrists, and pressure over these swellings causes 
considerable pain. There is marked limitation of movement 
of both wrists.
There is no pain, swelling,or tenderness,of any of 
the joints of the fingers,but there is marked laxity of 
the ligaments of these joints,and there is slight ulnar 
deviation of the fingers of both hands.
There is some thickening of the periarticular tissues 
of both ankles,ana the patient has pain and discomfort in 
them when she walks.
There is tenderness on pressure over the metatarso­
phalangeal joints of both feet, though this is most marked 
on the left foot.
T r e a t m e n t The first injection of 100 million detoxicated 
typhoid organisms resulted in very slight reaction,and, 
following it,there was no alteration in the joint condition. 
This was the same batch of vaccine which had failed in its 
action in case XIX. Accoraingly, a new vaccine was used,and 
she was given three injections of this in doses of 200, 250, 
and 600 million respectively. Following each injection 
there was no rigor, but a feeling of coldness, headache, 
and »ise in temperature, the highest recorded being 100°F. 
After/
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After the first injeotion,the patient felt pain in the right
shoulder which became tender. This -was due to tlk* lighting
up of a fibrous nodule which had not been troubling her,and 
the joint was not affected.
At the time she was receiving injections, she was 
treated with massage, active and passive movements, and 
she was discharged on 8th June, 1922, in the following 
condition:- "General health much improved. The ankle 
and toe joints are now normal except for slight thickening 
of the synovial membrane on the anterior aspect of the 
right ankle. Both wrists are now freely moveable, but 
there is still definite thickening of the synovial membrane, 
and there is still some tenderness on pressure over these 
thlchasings,but very much less than on admission. The 
general result is, however, not satisfactory."
After History:- She remained fairly well for two months, 
but in August ,1922, her ankles and wrists again became 
painful and swollen. The infective agent had only been 
inhibited in this case.
Case XXI. M.F. Female. Age 19# Admitted 14th April, 1 
History:- She states that in 191f she was in Paisley 
Infirmary for a period of 7 weeks,suffering from rheumatic 
fever. She.,was quite well when she left that institution, 
but,a week afterwards,the right knee became swollen and 
painful. This continued for some months,but apparently 
was/
was not severe enough to prevent her from carrying on at 
her employment as a starch-v;orker. In time it passed 
off completely, and she states that she was quite cell 
until March, 1921, when both knees became painful and 
the right knee again swelled up. She continued at work 
and,for a time,there was considerable variation in the 
pain and swelling of the knee. Finally it ceased to 
trouble her>snd she states that she was quite well until 
March* 1922, when the right knee again became swollen and 
painful. Two days after this,the left knee became painful. 
Next aay the right shoulder and right wrist were affected, 
and she was compelled to go to bed. She received treatment 
without improvement.
Condition on Admission:- There is no apparent affection 
of the interior of the right shoulder-joint, but the 
tissues around and external to the joint are painful and 
very tender. As a result* the arm can only be raised with 
difficulty to the level of the shoulder.
There is some swelling of the synovial membranes of 
both wrists* which are tender on pressure.
The left knee is slightly swollen,owing to the 
presence of a small effusion. There is very slight thicken­
ing of the synovial membrane.
The right knee is very much swollen and tender. The 
skin over the joint is slightly rea. There is considerable
swelling/
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swelling of the synovial membrane,and there is effusion 
present in the joint.
There is marked generalised panniculitis, the worst 
partB being the shoulders, inside of thighs, and legs.
There is a blowing murmur, systolic in rhythm, in the 
mitral area,conducted into the axilla, ana the second 
sound of the heart is reduplicated. Temperature 99°#2 P. 
T r e a t m e n t Tiro injections in doses of 100 and 200 million 
organisms were given,but there was no reaction and no 
improvement in the patients condition. This was the 
same vaccine which had failed to act in oases XIX and XX.
200 million organisms of the new vaccine were given,causing 
headache and increase of pain in the joints^with a rigor 
but no nauBea. The temperature rose to 102°.H F. The 
next day the temperature was normal,and two days after­
wards the swelling had gone from both knees,and there was 
no pain in any of the joints. No further injections were 
given. The panniculitis was treated with massage,and she 
left hospital on May 12, well.
After History:- March, 1924. Since discharge from 
hospital,this patient has been fit and well, and has had 
no recurrence of the disease.
Remarks:- The last three cases show clearly that it is 
necessary tc produce a reaction on the part of the patient, 
if beneficial results are to be obtained. This particular
case /
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case is unique in the series,in that one injection was 
apparently quite sufficient to effect a cure.
Case XIVI. P.R. Male. Age 22. Admitted 2Gth July, 1922. 
History:- Illness commenced in April, 1922, with stiffness 
and swelling of the wrists end finger-joints. This condition 
spread slowly to other joints, the ankles, toe joints, both 
knees,ana elbows, becoming affected in turn, and the 
swelling was associated with a good deal of pain.
Previous History:- The patient stateB that in 1919 he
H  *suffered from rheumatic’ fever and was in bed for 3 months. 
After this,he remained well for a year,but then began to 
suffer from occasional attacks of pain in the joints now 
affected. This did not prewent him from working until 
April, 1922, when the present illness began.
Condition on Admission:- The interphalangeal and meta- 
oarpophalangeal joints of Doth hands are swollen and 
stiff, and movement is limited. There is wasting of the 
intrinsic muscles of the hands and the grip is much 
weakened. There is some thiokening of the capsule of 
the right wrist-joint which is tender on pressure,and there 
is slight limitation of movement. The elbows and shoulders 
are not affected.
Both knees show some thickening of the synovial 
membrane. There is limitation of flexion of the right 
knee,and,when attempts are made to increase the range
of/
of movement, there is a good deal of pain.
There is thickening of the synovial membrane of 
the ankle joints, but there is no pain or tenderness in 
them, and movement is free.
There is pain on pressure over the ball of each 
great toe,anu the capsule of the metatarsophalangeal 
joints is thickened.
There is a presystolic murmur present in the mitral
area.
T r e a t m e n t Two injections of detoxicated vaccine in 
closes of 200 million organisms v.ere given. After each 
injection there was the usual train of symptoms. The 
joint condition showed rapid improvement, and he was 
discharged from hospital on August 18, very much better 
than on admission.
After History:- He remained fairly well, and was able 
to resume his employment, until November, 1922, when his 
ankles and knees again became swollen.
Remarks:- This case illustrates the necessity of giving 
Beveral more injections in those cases where very marked 
improvement follows the first or second injection, and 
where the physician is therefore tempted to discontinue 
treatment •
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While treating the above cases with detoxicated typhoid 
vaccine, it became quite clear that, unless there was a 
definite reaction on the part of the patient, there 
was no beneficial result. Some of the patients showea markec 
improvement, but, in tnese cases,the injection of detoxicated 
vaccine had been followed by a train of symptoms similar 
to those seen when the ordinary vaccine was used. There was 
certainly less headache and nausea, but the difference 
was not great. Furthermore, the use of this form of vaccine 
was unsatisfactory in that, in some cases, it was uncertain 
in its effect. In cases 27, 28, 29, and 30,1 was forced 
to use orainary vaccine because no reaction followed the 
injection of detoxicated vaccine. I therefore decided to 
abanaon its use, and to treat the remainder of the series 
of cases with ordinary vaccine. Clinical records of these 
40 cases will be founa in the Appendix. (Series 3 ) .  
Discussion.
It is in general comparatively easy to make accurate 
observations, but, even in the most accurate of sciences, 
to assess the value of observations made, and still more 
to draw accurate conclusions from them, are tasks of con­
siderable difficulty. The history of therapeutics shows 
quite clearly that thie difficulty is enormously increased 
in dealing with the results following any remedial measure,
for the factors requiring consideration are so numerous, so 
varied /
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varied, and so difficult to control, that it is impossible 
to draw conclusions with precision. The result has been 
that methods of treatment which,in the past,have had 
strong adherents among even the most able physicians of 
the times,are to-day regaraed merely as curiosities, and 
it is more than probable that,in the future^the same view 
will be taken concerning many forms of therapy in common 
use at the present time. In spite of this difficulty, I 
am of the view that sufficient evidence has been produced 
in the 70 cases reported to warrant the statement that non­
specific protein therapy is to be regarded as a valuable 
addition to our therapeutical armamentarium in dealing 
with rheumatoid arthritis. In some cases, the infective 
process was checked with extraordinary rapidity. In 
others, though several reactions were required before the 
infection became quiescent, the diminution of pain and 
tenderness of the affected joints, which followed each 
reaction, permitted more vigorous and therefore more 
effective massage, active,and passive movements. This, 
even in oases where there was marked periarticular thicken­
ing, had the effect of increasing the range of movements 
of the joints, and thus diminishing more rapidly the 
disability of the patient. Of the 70 oases, only twelve
were not improved in any way by the treatment received
were
in hospital. Among these 1£/cases in which no reaction 
took/
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took place,either because of inability on the part of the 
patient to react, or because of the nature of the vaccine 
used. The others were cases in which very marked changes 
had taken place in the joints, the infection had died out, 
and the patients were really suffering from the permanent 
sequelae of the disease. Previous experience showed clearly 
that the means at the disposal of the physician in dealing 
with the infective agent of this disease were very limited, 
and that no other method of treatment has been productive 
of such good results. It seems clear, therefore, that, in 
the non-specific protein reaction,there has been placed 
in the handB of the therapeutist a weapon which he may 
justifiably use with greater probability of success.
The next point to be discussed is the type or types 
of oases in which most benefit is to be expected from 
this therapeutical measure. An analysis of the cases 
shows clearly that the maximum benefit was obtained in 
those in which the patient came under treatment at a stage 
in the disease before marked changes had taken placel in 
the joint structures. This stage might be early or late 
in the history of the case, depending on the rate of 
progress of the infective process. In the cases where the 
disease started in more acute fashion with some constitutional 
disturbance and a fairly rapid involvement of many joints, 
complete cure with no relapses was obtained. In the 
oases/
cases in which the disease commenced insidiously, affecting 
only a few joints of the fingers and toes and gradually 
spreading over a prolonged period to other joints, the 
patient generally retained some disability in the thickening 
of the tissues round the joint, end consequent stiffness, even 
though the infection was completely subdued. In some of 
these cases too, relapse tookxjplace. It is possible that 
these two types represent diseases which are aetiologically 
distinct, and that the infective agent 13 more easily 
destroyed in the first type. In my view,the trae explanation 
is that those cases,in which the disease commences more 
acutely, come under treatment in hospital at an early stage.
On the other hand, in the cases where the joints gradually 
swell,with little or no constitutional disturbance, the 
patient, particularly of the female sex, is able^in the 
beginning, to perform her ordinary duties in a more or 
less efficient fashion. But the inevitable tendency is 
for the joints to become slowly and progressively stiffer 
and less useful, and it is only at a late stage that 
hospital treatment is sought. At this time,the new-formed 
connective tissue round the joints has become less vascular 
and more fibrous, and it is then that the ini'ective agent 
appears to be more resistant. Even though the infective 
process be checked, the thickening of the joints remains, 
and/
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and vigorous massage ana movements must be kept up for 
many months, in order to dissipate the pathological fibrous 
tissue. It has to be remembered further that,once these 
fibrous thickenings have become established, the symptoms 
of aching, pain, and stiffness,are liable to arise from 
a multiplicity of causes in no way connected with the 
original cause of the aisease. To sum up, it can be 
said that the efficacy of the non-specific reaction in 
the treatment of rheumatoid arthritis is in inverse ratid 
to the extent of the pathological changes which have 
taken place in the joints when the patient comes under 
treatment •
The next question of importance is whether the 
improvement shown is permanent or merely temporary.
Three years is perhaps too short a period in which to 
formulate general conclusions on this point. Of the 
58 cases in which improvement was obtained under 
treatment, at least <fcO had,for varying periods up to three 
years,been able to perform all their ordinary duties, 
and there had been no exacerbation of the joint condition 
nor spread of the aisease to other joints. In 16 of the 
cases,relapse was known to have taken place. All the 
oases in which relapse took place had reached a fairly 
advanced stage before they came under treatment. Further­
more, of the 16, 5 had been treated with detoxicated vaccine 
whe re /
where the reaction had not been great , and a few had shown 
so much improvement after one, two, or three injections, 
that no further treatment had been given. This is a 
point of considerable practical importance, for it raises 
the question as to what should be the duration of treatment. 
The protein shock reaction is, as has been indicated, not 
a pleasant one for the patient, and there is a tendency 
on the part of the physician to minimise the discomfort 
by giving as few injections as possible. Yet there is 
some evidence to show that the infective agent may only 
be inhibitea, ana that it would be good practice to give 
one or two more injections,even after the activity of 
the process has apparently ceasea. Even though that 
is aone, there is, in some cases at anyrate, the possibility 
of exacerbation of the disease months after all infection 
has apparently disappeared.
There now remains to be discussed the mechanism by 
which the non-specific reaction affects the disease process. 
The student, reared in the atmosphere of strict specificity 
as applieu to the problems of immunity, is apt to consider 
the defensive agents of the body solely in terms of 
specific antibodies,-the precipitins, lysins, agglutinins, 
and others. He will admit that these antibodies are 
intangible, but he can produce ample evidence of the 
existence of certain properties of serum which are 
represent ed/
represented by these terms, and he can show that these 
properties aid the body in its struggle with disease.
But this conception of strict specificity fails when 
it is applied to the problem of natural immunity or 
insusceptibility to infection, for it can be shown that 
many animals are immune to certain diseases, and yet their 
blood contains no demonstrable specific antibodies. Nor 
is it any more satisfying in the explanation which it 
offers of the phenomenon of recovery from infection. It 
is no doubt an alluring theory that, as soon as an individui.1 
is infected with the causative agent of a disease, his body 
cells begin to react and produce antibodies which gradually 
increase in amount until finally they overwhelm the 
infecting organisms, and thus lead to recovery. But it 
is known that the agglutinin titre of the serum of a patient 
suffering from enteric fever is no guide to the possibility 
of recovery, and indeed Howell^17) has shown that patients 
who suffer from leukaemia do not produce antibodies to 
typhoid infection,and yet they recover from the latter 
disease. Furthermore, it offers no satisfactory reason 
why certain patients should recover so rapidly from 
diseases,long before specific antibodies have developed in 
the blood in sufficient quantity to be a dominating factor 
in the recovery. It will be d e a r  that the conception 
of specific methods of defense against infection is not
75.
the ^hole truth.
The elaboration of speoifio antibodies is,in general, 
a slow process. Time is required for their production, 
as is readily seen in typhoid fever, where the Widal test 
does not become positive until the end of the first week 
of the aisease. Has the body therefore no means at its 
command for dealing with infection in its early stage? 
Locally, we know that it has, in that series of reactions
41
which are grouped under the general term inf lamination. 
Whether the inflammation be acute or chronic, it is easy 
to see in the process the attempts on the part of the 
body to neutralise the effect of the harmful agent by 
increasing local metabolism, by diluting the toxin, by 
digesting the causative organisms either within the 
phagocytes or outside the cells, or, if these efforts 
fail, by surrounding the irritant with a wall of fibrous 
tissue so that it is shut off from the rest of the body* 
If, however, the infecting agent or its toxin escapes 
into the general circulation, the body reacts in other 
and more general ways. There may or may not be a rigor, 
but the temperature in general rises above normal. There 
is often a decided increase in the number of white cells 
in the blood stream, the metabolism of the whole body is 
increased, the tissue enzymes become mobilised. Are 
these/
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these manifestations to be regarded as purely incidental 
to the infection,and therefore of no special significance, 
or do they constitute an integral part of the b o d y ^  
mechanism of defence?
The answer to this question is beset with great
difficulty. The work of Metchnikoff has demonstrated
conclusively that the process of phagocytosis is of
advantage to the body in its fight with disease, and
it may therefore be inferred that the increase in the
number of the white cells of the blood, which occurs in
disease, is,in some way, one of the natural methods of
defence against organismal invasion. So it is with
the increase in the enzymes of the body,which has
(18)been observed by Jobling and Peterson. But whether
t.
elevation of temperature alone is harmful to fever- 
producing organisms of their toxins is a subject open 
to debate. The physiologist ia inclined to look on 
fever as the result of an accidental derangement of 
the mechanism by which the temperature of warm-blooded 
animals is regulated. He regards it as a profitless 
and harmful process, a part of the price we have to 
pay for a complicated mechanism. This view does not 
Mcommend itself to the physician who has observed that, 
in many acute infections, a slight, instead of a marked 
rise/
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rise of temperature, is of grave prognostic significance. 
He is disposed to see something more than accident in 
a reaction which so frequently accompanies the invasion 
of the body bypathogenic organisms. Clinical observation 
can hardly settle the point at issue,but certain facts 
are worth considering. It has been observed that an 
intercurrent acute infection,associated with high 
temperature, sometimes has the effect of clearing up a 
more chronic associated disease. Furthermore^cases of 
pyogenic infection of the genito-urinary tract sometimes 
disappear verji quickly when the patient develops a rigor 
and a marked elevation of temperature. Again,the opinion 
is generally held that the use of antipyretics, - anti­
pyrin, acetanilide and phenacetin -deaj^ot improve the 
condition of the fevered patient. On the contrary,it 
does more harm than good to treat pyrexia in this v/ay.
It is beside the point to argue that a high temperature 
may of itself endanger the life of the patient. Any 
defensive mechanism, such as cough, may, if over­
stimulated, be a source of danger to the person it is 
intended to defend.
On the experimental side,there is a certain amount
of evidence which favours the view that fever is a
(19)protective agent. Pastent' ' pbaerved that fowls, which 
are/
78.
are not susceptible to anthrax bacilli, succumb if
their temperature be lowered artificially. Loewy 
(20)and Richter produced elevation of temperature by
puncturing the corpora striata of rabbits, and then
infected them with the bacilli of diphtheria, fowl
cholera, swine erysipelas, and pneumonia. They found
that, if animals, whose temperature was raised in this
way, received a dose two or three times as large as
that necessary to kill an ordinary animal, they
recovereu. They found further that, when a local
injection of swine erysipelas was made into a rabbit’s
eaf, the local reaction was most marked in those animals
in whom the corpus striatum had been punctured, but they
invariably got well. Similar observations have been made 
(21)by Ludke 'and others. It is admitted that these do not 
furnish a complete proof that fever is essentially a 
protective mechanism, but they suggest that it is.
In this way,we begin to see something of the 
mechanism of the non-specific reaction. What is this 
reaction other then a method of producing artificially 
the phenomena already described as occurring naturally 
in disease, and producing them in a controlled fashiont 
Furthermore,the observations made in Case 16 suggest 
that the reaction mobilises even specific antibodies 
which/
which are apparently fixea in the tissues ana not 
free in the blood-stream. In rheumatoid arthritis, 
as has been already mentioned, the body does not,as 
a rule,react to any great extent against the causative 
organism, and so a warfare of low activity is carried 
on. When, however, a foreign protein is injected 
intravenously, the body reacts vigorously, and it 
is reasonable to suppose that in certain cases this 
will result in the inhibition,or even destruction,of 
the microbes of the aisease.
At the same time the local reaction may be of 
some value. It has been shown that, auring the general 
reaction, the affected joints in n n y  cases became more 
painful and tender and appeared more swollen. There 
was apparently a stimulation of the low-grade 
Inflammatory process, or, in other words, an increased 
reaction on the part of the body locally against the 
disease. That this was of benefit was indicated by 
the fact that, in many cases, after the aggravation of 
symptoms passed off, the joints became less swollen, 
tender, and painful, and more supple.
If this conception of the mechanism of non­
specific protein therapy in bringing about amelioration 
of symptoms and cure of rheumatoid arthritis is 
correct /
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correct,It will be clear that it has certain limitations. 
If it is to be of acivantage in the treatment of disease, 
there must be power of reaction on the part of the body. 
There is ample evidence of the existence of thia 
limitation in the oases reported. Case VI. appeared 
to have reached the stage at which his defensive 
‘powers were completely exhausted. Even very large 
doses of typhoid vaccine failed to produce the slightest 
reaction, and there was absolutely no change in his 
condition. Furthermore, the use of detoxicated vaccine 
showed conclusively that, if the nature of the injection 
v.as such as to produce little or no reaction on the part 
of the patient, no Improvement followed. Yet the same 
patients showed marked improvement,if a protein was used 
which caused definite reaction. It seems reasonable 
to infer from these observations that this therapeutical 
measure should be used early in the disease,when the body 
is not exhausted and is capable of reacting to the fullest 
extent, if it is hoped to get the maximum benefit.
It would be foolish to expect that a general 
biological reaction of this nature could cure every 
case of rheumatoid arthritis. Even though the whole 
defensive mechanism of the body is stimulated to the 
full, there is always the possibility that the infective 
agent//
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agent of the disease may resist the attack,or may be 
inhibited only for a short period. That, at any rate, 
has been my experience in the practical use of this form 
of therapy. In a number of cases,the results have been 
brilliant. In many,there has been improvement so marked 
that the individuals have been able to carry on their 
ordinary duties of life in an efficient manner, although 
they are crippled to some extent by the fibrous changes 
which have taken place in their joints. In other cases 
the improvement has only been of a temporary nature, and 
the aisease, after periods of quiescence up to tttte months, 
has broken out afresh. A few have not been benefitted 
in the slightest.
I am aware that it is the duty of an investigator, 
in laying down any new plan of treatment, especially if 
that be applicable to diseases which have hitherto been 
considered either very obstinate or inourable in their 
nature, not to say more in its favour than the facts 
brought to light during its investigation warrant; for 
experience teaches us that many remedies, the prudent use 
of which might have rendered essential service to medical 
science, have suffered, often irremediably, in consequence 
of rash and inconsiderate praises heaped upon them. Never­
theless I am convinced that, until we can treat rheumatoid 
arthritis /
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arthritis in the ideal fashion by means of a specific 
drug, the best known method of treatment is that set 
forth in this thesis.
Summary of Conclusions.
(1) Any attempt to elucidate the aetiology of 
rheumatoid arthritis by the ordinary Methods of 
bacteriological examination and experiment is not 
likely to meet with success.
(2) In the majority of cases of rheumatoid 
arthritis,no septic focus of infection can be discovered.
(3) In all cases, strenuous orthopaedic measures, 
especially massage and re-education, should be adopted 
from the beginning,to increase the mobility of the 
affected joints. These measures should be continued 
after the infective process has ceased.
(4) To rid the body of inf ection, the best known 
method of treatment is by means of the non-specific 
protein reaction.
(5) This mode of therapy acts best in early cases, 
but is effective even in advanced cases where there is 
activity of the infective agent.
(6) Sufficient vaccine should be injected to 
produce a reaction on the part of the patient.
(7) At least five injections should be given,
even/
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even though the infection is apparently checked after 
the first or second injection.
(8) Although the reaction is uncomfortable for 
the patient, it is not associated with danger.
(9) The mechanism of the reaction is probably the 
general stimulation of the whole defensive forces of 
the body.
(10) It aoes not produce amelioration or cure.in 
every case.
94.




Case II. H.T. Male. Age 28. Admitted 1st Feb., 1921.
History:- On January 27, 1921, he began to suffer from 
pain in both thighs and behind both knees. Next morningf 
he waB unable to get out of bed, because of severe pain 
all over the body. The pain was at first general, but 
finally settled in the elbows, knees, and ankles. These 
joints became swollen ana tender so that he was hardly 
able to move.
Previous History:- He states he has always enjoyed 
perfect health.
Condition on Admission:- Both elbows, wrists, knees, 
ana ankles are swollen, ana the skin over these joints 
is slightly reddened. Pain is severe on movement or 
handling of the joints. The temperature is 100°F. He 
is sweating profusely. The perspiration is acid in reaction 
and has a rank sourish smell. The heart is normal and the 
other systems of the body appear unaffected. No focus of 
infection can be discovered.
Treatment:- The picture presented by this case was that 
of acute rheumatism,and accordingly salicylic treatment 
was immediately instituted, 20 grains of sodium salicylate 
being administered every four hours. The condition did 
not respond to this treatment, and after 10 days the 
temperature was still elevated, and the joints were still 
swollen and painful. There was an effusion into the right 
knee-joint. Synovial fluid drawn from this joint was 
found to be sterile. A blood culture made at this time 
showed no growth after 9 days.
The dose of sodium salicylate was increased to 30 
grains every four hours,and in 24 hours the temperature 
fell to normal. During the next few days there was 
considerable improvement in the joint condition,and for 
10 days all went well. When the amount of salicylate was 
reduced, the temperature became, irregular and rose to 
101°.2 while the affected joints became again swollen
and painful. Increase in the dosage of salicylate was 
followed by improvement, but 14 days afterwards, when the 
dose was reduced to grains 15 thrice daily, there was a 
recrudescence of the original symptoms.
It was obfious that, in this case, the infective agent 
could not be destroyed by salicylic treatment,and according­
ly it was decided to try the effect of protein shock therajy. 
The /
The administration of salicylates was stoppedfand 100 million 
typhoid organisms were injected intravenously. The patient 
haa a very marked reaction, the temperature rising to 1040.5 F. 
and returning to normal in 2^ hours. During that time he 
complained of increased pain in the affected joints, but at 
the end of 48 hours this had passed off, the swelling had 
disappeared, and he complained only of stiffness.
During the next three days he felt some pain in his 
joints, but his temperature remained normal. 150 million 
typhoid organisms were then injected. Again there was a 
marked reaction, the temperature rising tc 1(H°.2 F. Two 
days afterwards, the pain had gone from all his joints which 
were now freely moveable.
Five more injections were given intravenously in doses 
of 160, 200, and 250 (on three occasions) million typhoid 
organisms. Consequent on the injection of the last two 
doses, the reaction was slight compared with that of the 
previous occasions. After the fourth injection the patient 
could be fairly described a3 "well.*
After History:- This patient was able to resume his 
employment a few weeks after his discharge from hospital, 
and when seen in November, 1923, 2-j* years after treatment, 
his joints were normal.
Remarks:- Though this case cannot strictly be regarded as 
belonging to the group of chronic non-suppurative arthritis, 
it illustrates a point of great interest. The infective 
agent could not be quelled by salicylic treatment, but it dis­
appeared completely after the intravenous injection of a 
foreign protein.
Case IV. J.C. Girl. Age 14. Admitted 8th Feb., 1921.
History:- Illness began in June, 1920, when she felt pain 
in her ankles on walking. A few days afterwards,her wrists, 
ankles, shoulders,and back,became so painful that she was 
forced to go to bed. After 14 days the pain became less, 
and she was able to walk about, though with difficulty.
Since that time she has been crippled with pain and swelling 
of the toes, ankles, wrists, and fingers.
Previous Health:- She has always had good health.
Condition on Admission:- Her general health is good. The 
teeth, nasopharynx.and digestive system are in excellent 
condition. No focus of infection is discovered. Heart 
and/
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and lungs are normal.
There is some thickening of the synovial membrane 
and periarticular tissues of both wrists, which are very 
tender on pressure. Movement of these joints i3 limited 
by pain.
The interphalongeal joints of both hanas are net 
affected, but there is thickening of the metacarpo­
phalangeal joints, especially those of the little fingers.
Both ankle joints are stiff and painful, with some 
thickening of the synovial membrane. There is a doughy 
feeling over the metatarsophalangeal joints of both feet, 
and pressure over these joints causes considerable pain.
T r e a t m e n t During the first 7 weeks of her stay in 
hospital, she was treated with intramuscular injections 
of Intramine (in doses up to 4.5 c.c.) and Collosol 
Iodine (1 fl.drachm thrice daily) by the month. There 
was no apparent alteration in the condition of the hands 
ana feet.
She was then given 100 million typhoid organisms 
intravenously, which was followed by a smart reaction and 
transient increase of pain and stiffness in the affected 
joints. Four more injections were given in doses of 150, 
150, 200, and 250 million organisms,respectively. After 
each injection,there was increased pain in her joints for 
24 hours, and this was followed by some improvement in 
her condition. A further injection of 250 million 
organisms was given, and on this occasion there was a 
very marked reaction, the temperature rising to 104°.6 F., 
and returning to normal in 24 hours. The next day she 
developed a follicular tonsillitis and the temperature 
rose again to 103°.2 F. but fell to normal in 36 hours.
After this, her joints improved quickly and a week 
later, when she was discharged from hospital,the following 
note was made "Movements of fingers are complete in range 
and are not associated with pain, though the metacarpo­
phalangeal joint of the left little finger is still slightly 
swollen. The movements of the wrists and ankles are still 
associated with some pain, though of full range. There is 
still considerable tenderness on pressure over all the 
metatarsophalangeal joints of both feet. She requires 
massage but she is anxious to leave hospital."
After History:- Patient seen in March, 1923. "Since 
discharge from hospital she has remained fairly well.
No/
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No other joints have become affected. There is still 
thickening of the wrists and ankles and,from time to 
time,patient feels them stiff and painful.
1st March, 192^. Since last note, there has been j
a relapse. The right elbow-joint is now swollen and tender. 
Her wrists and ankles are the same as they were a year ago.
R e m a f k s In this case the activity of the infective 
process was checked for a period of 18 months, when it 
broke out again•
Case VIII. T.N. Male. Age 5S. Admitted 25th April, 1921.
History:- Illness began in 1915 with pain, stiffness, and 
swelling of all the joints of the toes. The condition 
spread to the ankles. He was treated at various times 
with drugs, alkaline baths, diet, etc., and occasionally I
there was some improvement. But the disease process |
gradually advanced; first the right hip-joint was affected, 
then the right knee, right v.rist, left elbow, and small 
joints of the fingers in turn. Movement of these joints 
became affected and finally he could move them only with 
the greatest difficulty.
Previous Health:- In 1909 he suffered from acute nephritis, 
but he states he recovered completely from this disease.
Condition on Admission:- He lies comfortably in bed and 
appears well nourished. Examination of his urine shows 
that it contains albumen and a trace of blood; microscopically 
there are granular cashs present. This indicates that he 
did not recover completely from the attack of ©cute nephritis 1 
in 1909,and that his kidneys are diseased. His blood pressure 
is 160 m.m. of mercury,and there is 3ome hypertrophy of the 
left ventricle of the heart. The temperature is 98°.2 P. 
and pulse 70 per minute. i
The toe-joints are not now affected and movements 
thereof are quite free and not associated with pain.
The right knee is markedly swollen, due to thickening 
of the synovial membrane and to the presence of an effusion.
No organisms can be found in film or on culture in the fluid 
obtained from this joint.
All the metacarpo-phalangeal and proximal inter- 
phalangeal joints of the fingers of both hands show synovial 
thickening,and there is limitation of movement.
Both/ I
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Both wrists are swollen, stiff, and painful, due to 
thickening of the periarticular tissues.
The left elbow is rixed in a position of partial
flexion. No bony outgrowths can be felt in this joint, 
but there ia thickening of the capsule of the joint.
X.Ray examination shows that changes have taken place 
in the cartilages and bones of this joint, for the 
bones show some degree of thinning and the joint 
cavity is obscured.
T r e a t m e n t This patient reoeived 8 injections in doseB 
rising from 100 to 250 million typhoid organisms. After 
each injection,there was a definite rigor and the usual 
train of symptoms. The temperature always returned to 
normal in 24= hours. The blood and albumen in the urine 
always increased the day following the injection, but 
rapidly returned to what might be described as the 
"normal" amount. Steady improvement was shown in his 
joint condition,and in July, 1921, he expressed a desire 
to leave hospital. His condition on discharge was "Trace 
of blood and albumen in urine. The finger-joints are now 
normal. There i3 still some thickening of the periarticular 
tissues of both wrists, but there is now no pain or tender­
ness, and movement is practically normal. There is no 
pain in the left elbow,and it can now be moved through an 
angle of 4 5 ° .  The right knee is free from painfand rang* 
of movement is practically normal, but there is still 
considerable thickening of the synovial membrane and a 
little fluid is present in the joint."
Although there haa been very marked improvement in 
this case, it was felt that he had not been cured, for 
the presence of even a little fluid in the right knee- 
joint was disturbing. He was eager to get out to try to 
work,and indeed for the next six weeks he was able to do 
so v.rithout much inconvenience. In September, 1921, how­
ever, the right knee-joint became more swollen ana he 
was re-admitted to hospital. The urine showed the presence 
of blood and albumen; there was marked swelling of the 
right knee, and he had fleeting pains in his other affected 
joints, though they retained their mobility and did not 
become swollen as they had been on his previous admission.
Four further injections were given and the knee-joint 
was tapped of its fluid, but no improvement took place 
in it. Repeated tapping of the joint always resulted in 
the joint filling up again. Meantime, there was marked 
increase/
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increase in the thickening of the synovial membrane.
The conclusion was reached that, in this case, the 
focus of infection -was the knee-joint itself, and accord­
ingly Mr Taylor was asked to remove the thickened synovial 
membrane.
The synovial membrane was found at operation to be 
enormously thickened and oedematous. It was removed 
and examined microscopically. It showed the usual 
appearances of chronic inflammatory changes.
Attempts were made to grow organisms from scrapings 
of the membrane, but with negative result. It was 
found further, that the cartilages of the joint were 
ulcerated, but the process did not extend into the bone. 
These ulcerated patches were scraped. The wound was 
closed ana the leg put up in a idston splint.
Consequent on the operation,the patient showed 
marked improvement. He ceased to have pain in the other 
joints of the body, and his general condition improved, 
though he still had some albumen and a trace of blood 
in his urine. Unfortunately, however, he developed a 
pressure sore on the leg from the splint. This became 
septic and he died of acute septicaemia.
Remarks:- In this case there seems no doubt that the 
chief If ocas of infection was in the right knee joint.
The effect of the non-specifio protein reaction was to 
quell the infection in all joints except the right 
knee, but here it appeared to be very resistant to 
treatment.
Case VIII. S.L. Female. Age 36. Admitted May 4, 1921.
History:- Illness commenced three years ago with 
swelling and stiffness of the joints of the hands and 
feet, and with pain on movement. In a few weeks the 
ankles became swollen and painful. At the end of a 
year, the condition spread to the left knee; then the 
right knee, right elbow,and left elbow became in turn 
affected, and finally both shoulders. She states that 
she experienced a sense of chilliness and general 
malaise as each new joint was affected.
Previous History:- She had typhoid fever when 17 years 
of age, a nervous breakdown at the death of her husband 
when /
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-•ben sue *8.3 fcc, anc neuritis of the lumbar region when 
sh- >as Ci jr&rs ci a^e.
Ccswi.tAcr on ^-Jscicr.:- Ine museles ci the arms and 
lege tre atrcphiec. &na flabby. Apart from that, the 
patient is well ncuri3h*a ana well aevelopea.
The proximal i::ter-phaian&eai joints ana the meta­
carpophalangeal joints oi all the fingers are swollen, 
uoughy, and tenaer to the touch, and painiul on movement. 
The hands can be closea completely but the grip is very 
weak. The fingers cannot be completely extended and the 
hana thus remains in a state of semi-flexion.
The synovial membrane of both wrists is considerably 
thickened; there is fibrous tissue creaking on movement, 
and the fingers of the right hand show ulnar deviation. 
All movements of the wrists are limited, extension being 
possible only through an angle of 35°, and flexion through 
an angle of %5°.
There is thickening of both elbow joints, and 
contracture of the biceps muscle on both sides. The 
right forearm cannot be extended beyond an angle of 100° 
with the upper arm, and the left, beyond an angle of 90°. 
Supination ana pronation are only half the normal range.
There is fibrous ankylosis of both shoulders,so 
that the arms can be abducted only to an angle of 60° 
with the body.
There is thickening of the periarticular tissues 
of the ankle joints, and extension and flexion are only 
about half normal.
The left knee is fixed at an aggls of 906, v/hile 
the right is flexed at an angle of 130° but can be 
almost fully extended passively. There is considerable 
thickening of the synovial membrane of both joints which 
are tender and painful.
There is partial ankylosis of the temporo-mandibular 
joints so that, with the mouth open to its utmost, the 
upper and lower teeth are only about 1 inch apart.
No fooi of infection can be disco\||ped, and the 
heart, lungs, and genite-urinary syste^ are normal.
T r e a t m e n t Two injections of 100 million typhoid 
organisms were given, and each time the patient reacted 
briskly, had Increased pain in the joints followed by 
a/
a period when the joints felt easier.
A few days after the second injectlon*she 
developed a dry pleurisy at the base of the left lung* 
and it was thought better to discontinue intravenous 
injections.
She had then four injections of normal horse 
serum suboutaneously in doses of 5* 10* 10* and 10 c.c, 
and 24 hours after each injection she complained of her 
joints being more painful and stiff. This was followed 
by a period when there was less pain.
There was no permanent improvement, and she left 
the hospital in much the same condition as she entered* 
though she said she felt less pain.
There is very little likelihood that any 
improvement would have resulted even if she had 
received more injections of a foreign protein. It 
will be clear that permanent changes had taken place 
in many of the joints* and that the case was hopeless 
from the beginning.
Case IX. M.M. Female. Aet. 42. Admitted 23rd May* 1921,
Hifltnrv;« Qn 15th May* 1921, she complained of severe 
headache and a general feeling of malaise. Ch May 17* she 
had an attack of vomiting, which recurred at irregular 
intervals for the next three days. Qn May 19* both knee 
joints became swollen and intensely painful* and her 
temperature rose. She was t t m  treated by her doctor for 
the next four days with salicylates in large doses*but there 
was no improvement* and she wadjthen admitted to the Western 
Infirmary. ’
Previous History:- For a number of years she had 
suffered from obscure gastric trouble* vomiting with 
occasional haematemesis being the salient symptom.
That the condition was obscure is shown by the following 
series of operations which had been performed on her 
from time to time:- (1) Laparotomy for alleged gastric 
ulcer in 1914 (2) Nephropexy in 1915 (3) Gastroenterostomy
and removal of appendix in 1915 (4) A second Laparotomy 
because of haematemesis in 1919 and (5) Colectomy in 1920.
It is difficult to conceive any pathological condition 
which would give rise to the necessity for such a 
formidable list of operations* and one is justified in 
concluding that the real cause was that she was intensely 
neurotic* was absolutely intolerant of pain and discomfort, and/ *
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and consequently exaggerated her symptoms ,
Condition on Admlaalont- Her position In bed shows 
evidence of extreme discomfort. The body is twisted, 
the head lying over the side of the bed, and the legs 
being constantly changed in position to give her ease.
Her expression is anxious and indicative of severe pain.
She is very excised and nervous, is constantly calling 
out to be relieved of her agony, and in general exhibits 
marked intolerance to pain. Her temperature is 99°.8 P.
The only joints affected are the knee-joints which 
are swollen, tender to touch, and very painful. There 
is fluid present in both knees,and the synovial membrane 
is also swollen. Outside the joint there are several 
very tender areas over the head of each tibia, due to 
the presence of localised periostitis. There is already 
marked atrophy of muscles on the inner aspect of the thighs.
Progress:- Fluid was drawn from both knee-joints and 
was found to be semi-purulent. There wanagreat numbers 
of leucocytes present, but no organisms were found in film 
or on cult lire. There was present a slight whitish 
discharge from the vagina, but on examination of smears 
from the cervix uteri and the urethra,no gonococci were 
found. Blood culture revealed no growth after 5 days 
at 37°C. and the Wassermann reaction was negative.
Treatment:- During the first six days in hospital, 
measures were taken to quieten her and to give relief 
from pain by the exhibition of bromides and analgesics.
During this time, the temperature varied between 100°F. 
and 102°.4 F. 100 million typhoid organisms were then 
injected intravenously. This had the effect of increasing 
the pain in her joints for 24 hours, but the aggravation 
of symptoms was followed by a period xfcisfc during which the 
joints felt much easier. The temperature became regularly 
intermittent, the highest rise being 103°,2 F. A second 
injection of 150 million organisms vas given and was 
followed by a similar train of symptoms, but the temperature 
did not settle and the condition progressed. A third 
injection of 200 million organisms was given and following 
this, the temperature rose to 103°,2 F., came down to 
normal in 24 hours, and for the next week did not rise 
above 99°.4. After a fourth injection the temperature 
came down to normal and remained there for the next ten days.
During this time there was a certain amount of 
improvement of the joint condition. The fluid disappeared 
from the knees but she still complained bitterly of pain, and/ * * ’
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aod nut the slightest pressure over the thickened 
3ynovial membranes and over the areas of periostitis 
of the head of each tibia apparently caused exquisite 
pain. This led to what can only be described as a 
disaster.
The extraordinary importance of taking early 
measures to counteract the tendency to muscular 
contractures ana the consequent deformities,was well 
recognised. But every attempt made to do this was 
utterly aefeated by the patient. When even the lightest 
splints were applied, she shrieked with pain. She 
woula allow no one to attempt to move her joints, and 
the inevitable result followed. By the time her 
temperature was normal ana her general conaition much 
improved, both knees were bent to a right angle.
She remained in hospital for the next three 
months ana auring that time received two more injections. 
The temperature occasionally rose a little above normal 
but, during the last two months of her stay, remained 
on or below the normal line. She was obviously much 
improved but woula still allow no one to move her 
affectea joints. She saia that there was little 
spontaneous pain in her joints,but when the least 
pressure was applied over them or over the heads of 
the tibia she complainea of great pain. The muscles 
of the thigh ana calf were markedly atrophied and there 
was marked contracture of the flexor groups controlling 
the movement of the joints.
Remarks:- In this case it is exceedingly difficult to 
assess the effect of non-specific protein therapy. From 
the fall in the temperature to normal, the disappearance 
of fluid from the knee-joints*and the general improvement 
of the patient’s condition, it might be held that it 
was of considerable value. But pain,and especially 
tenderness,persisted,and the further injections which 
were given aia not influence the latter in any way. It 
could be argued that the chief effect of the treatment 
given,was to lessen the activity of the infecting agent, 
but that it still remained in and around the joints and 
exhibited its presence by keeping up the pain and tender­
ness. That is a point which no amount of discussion can 
settle, but my conviction is that, had the patient been 
less intolerant to pain and had allowed her knees to be* 
kept straight, moved, aad massaged, she would have left 
hospital comparatively well instead of, as she did, a 
cripple.
Case/
Case XII. W.R. Male. Age 47. Admitted 4th July, 1921.
History:- In December, 1918, he had an attack of pain 
in the right wrist which became red and swollen. This 
lastea for only S days when it passed off leaving 
the joint, he stated, unaffected. In December, 1919, 
he had an attack of pain ana swelling of the proximal 
interphalangeal joint of the left thumb, which continued 
for several months but did not inconvenitoeeV; him very 
much. In November, 1920, the right wrist became swollen 
ana painful,ana the skin over the swollen joint was red. 
Since then,the wrist affection has prevented him from 
working. Pain in the affected joints was continuous but 
not great, and was habitually worse at night. Occasionally 
there was exacerbation of the symptoms.
Previous History:- He had typhoid fever when a young 
man but was otherwise healthy. There was no history 
of venereal disease.
Condition on Admission:- He is thin and not well- 
developed but looks healthy. He perspires considerably 
even when at rest.
The inter-phalangeal joint of the left thumb is 
painful on movement, ana there is distinct grating when 
the two phalanges are rubbed against each other. The 
joint is unduly mobile from side to side, showing that 
the ligaments have become stretched. A radiogram shows 
roughening of the articular surfaces ana thinning of 
the bone.
The right wrist is spinale-shaped because of the 
thickened synovial membrane. There is a localised 
fluctuant swelling on the palmar aspect of the wrist 
between the tenaons of the brachio-radialis and flexor 
carpi radialis muBCles. Active movement of the joint 
is possible both in flexion and extension to an angle 
of 450 with the forearm. On movement of the joint, fibrous 
tiBsue creaking can be elicited. He complains of constant 
pain in the joint,and there is tenderness on pressure over 
the thickened synovial membrane.
Heart and lungs are normal, ho septic foci can be 
found.
/
Treatment:- Three injections of 100, 150, and 250, 
million typhoid organisms were given. In each case 
there was considerable temperature reaction.(to 10a°F.) 
Following the first injection,the pain and tenderness in 
the /
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the right wrist -were diminished and movement was 
more free. After the third injection,the pain left 
the affected thumb joint. There was no pain or 
tenderness of the wrist. Only a little swelling 
remained on the anterior aspect of the joint, and 
movement was very nearly normal. He was discharged 
on July 28, well.
He reported again on September 22, and stated 
that he had returned to work but that,when he used 
a hammer, the jarring of the wrist on striking caused 
him some pain. This was considered to be due to an 
adhesion which had formed in the joint and this was 
broken down by a sharp movement of the wrist.
March 1924:. Since date of last note this man has 
remained well.
Case XIII. M.R. Female. Age 27. Admitted 15th July,1921,
History:- Illness began when the patient was 10 years 
old, with pain and swelling in the left anile. G-radually 
the other joints became affected, both elbows became 
ankylosed, and the wrists and ankles were partially 
fixed. She was admitted to the Western Infirmary in 
1917 when it was considered that nothing could be 
done for her. In 1918,the right elbow joint was 
excised to give some mobility to her right arm and 
enable her to feed herself. During the past two 
years,the condition slowly spread to the knee-joints 
and she was readmitted for treatment.
Condition on Admission:- She is well developed and 
well nourished. The right knee is in a position of 
slight flexion as a result of contracture of the 
ham-string muscles. There is marked limitation of 
movement of this joint, and the right hip is partially 
ankylosed. The left elbow and the left ankle are 
quite fixed and the tissues round these joints are 
extremely hard and sclerosed. There is swelling of 
the 2nd and 3rd metacarpophalangeal joints of the 
left-hand but movement is good. She does not suffer 
from pain in these joints, which is in striking 
contrast to her condition when in hopital in 1917.
Treatment:- It was quite obvious that,in this case, 
the infection had burnt itself out but* in doing so, 
had left behind permanent sequelae, which only 
orthoptfedic measures could remedy. She received 
six/
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six injections of typhoid vaccine intravenously but, 
though she reacted well after each injection,there 
was no alteration in the joint manifestations. By 
aint of slow extension by splints,there was some 
improvement in the movements of the knee. It was 
not thought advisable to have the left elbow-joint 
excised,and she was discharged from hospital in 
statu quo.
Case XIV. H.H. Female. Age 2 b. Admitted July 27, 1921.
History:- Illness commenced in June, 1920, with pain 
and swelling in the right wrist. The disease 0008 
spread to the joints of the fingers, the left wrist, 
both knees and ankles. Occasionally there was a slight 
improvement in the condition,but the pain and swelling 
always recurred,and gradually the patient become more 
crippled.
Previous History:- She had "rheumatic fever" when 
11 years of age and she states that,resulting from 
this,the left ankle was always a little stiff and its 
movement impaired.
Condition on Admission:- Her general health is good.
Shd does not suffer severe or constant pain and feele 
quite comfortable in bed. Both wrists show thickening 
of periarticular tissues and increase of synovial 
membrane. They are tender on pressure and all movement 
of these joints is limited. A good deal of pain is 
caused when attempts acre made to increase movement.
The synovial membrane of the proximal interphalangeal 
joints of the index fingers and middle fingers of both 
hands is thickened,so that these joints present a 
spindle-shaped appearance though there is no limitation 
of movement. There is some hypertrophy of the synovial 
membrane of both knees but flexion and extension of the«e 
joints are possible without pain or discomfort. Both 
ankle joints are tender to pressure and there is slight 
limitation of movement of the left ankle. Heart and 
lungs are normal. No focus of infection can be 
discovered.
Treatment:- Six injections were given in doses rising 
from 100 to 250 million typhoid organisms. After each 
injection there was considerable reaction, the highest 
temperature rise recorded being 105°f . The usual increase 
o f /
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of pain ana stiffness occurred, in the affected joints 
after each injection, followed by a diminution of the 
symptoms •
Steady improvement was shov.n. Swelling of the 
wrist-joints diminishea; they became less tender on 
pressure,and movement became nearly normal. Thicken­
ing of the interphalangeal joints remained,but these 
could be moved without pain. Both knees and ankles 
became less stiff but,when she was discharged on 17th 
September,there was still present some thickening of 
the periarticular tissues of these joints. She could 
however walk about quite freely.
March 8, 1924. This patient was seen to-day. She has 
been at work for the past 21 months. There is still 
thickening of the wrists, knees, and ankles,but these 
joints are not tender or painful. She can use her 
hands quite freely,and can walk 5 miles without causing 
more than a little stiffness of the ankles and knees.
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Case XVII. J.P. Male. Age 2 2 . Admitted 30th Jan., 1928.
History:- Illness "began in July, 1921, -with pain and 
swelling of the right ankle. The affection spread to 
the knees, and stiffness in the morning was a marked 
symptom. He managed to carry on at work because he 
found that the pain and stiffness diminished with j
movement during the day, but by the middle of November, 
the wrists, fingers, and elbows were affected to a con­
siderable extent. He was treated with salicylates but 
no improvement resulted.
Previous Health:- In 1920 his tonsils, which were 
hypertrophied, were removed,but since then he has always j
had the feeling of wanting to cough to get rid of phlegm j
from the throat.
i
Condition on Admission:- On account of pain,he cannot i
lie in one position for any length of time. The knees j
have to be supported on a pillow. He is thin and 
anaemio. The skin is moist and there is some fever.
The tonsils have not been completely removed at the 
operation two years ago, and the remains of the tonsils 
are septic. The pharynx shows dry catarrh, and the nasal 
sinuses are septic.
There is swelling of the metacarpophalangeal joints and 
of the proximal interphalangeal joints of the index and 
middle fingers of both hands. The latter are markedly 
fusiform because of the synovial thickening. The 2nd 
interphalangeal joint of the left forefinger is swollen 1
ana red. Both wrists are swollen with thickened synovial 
membrane, very tender to touch, and movement is limited.
Both elbows are swollen and thickened. There is considerable 
atrophy of the muscles of the arm* afld* of the intrinsic 
muscles of both hands.
Both knees are much swollen and tender. There is 
effusion into the joints,as well as periarticular thicken­
ing. No organisms are found in film or culture from the 
joint fluid. Movement of these joints is very limited.
There is slight thickening, tenderness, and limitation of 
movement of both ankles.
Treatment:- During the first IS days of his stay in 
hospitaI,he was given potassium iodide grains. 20 thrice 
daily by the mouth,and carbolic oil dressings were applied 
to the joints. There was no alteration in his joint 
condition/
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condition and the temperature remained elevated. 100 
million detoxicated typhoid organisms -were then injected. 
There was no rigor, no headache, and no increase of pain 
in the affected joints,with only a slight elevation of 
temperature. There was no alteration in the joint 
condition.
The nasal sinuses were washed out and the remains 
of the tonsils removed,but no alteration in the joints 
took place. Three more injections of detoxicated vaccine 
were then given in doses of 100, 200, and 300 million 
organisms,and after the last two there was some reaction. 
This was followed by considerable clinical improvement, 
the fluid disappeared from his knee-joints,and finally 
he left hospital apparently well.
After History:- He remained well for 6 months after 
discharge from hospital,when the disease returned.
R e m a r k s It is possible that in this case the
improvement resulted from the removal of septic foci, 
for the reaction following the injection of vaccine
• was in each case slight.
Case XVIII. M.S. Female. Admitted 9th February, 1922.
History:- In 1920 she began to complain of pain in 
both shoulders. Thia persisted for a year, and in 
January, 1921, both wrists became suddenly painful, 
swollen, and stiff. Three months ago,the feet and 
ankles were affected in a similar fashion.
Present Condition:- The deft shoulder joint is swollen 
and painful. There is thickening of the synovial membrane 
and periarticular tissues of both wrists,of all the 
metacarpophalangeal and interphalangeal joints of the 
fingers,and of both ankle-joints. All these joints 
are stiff,and movement causes considerable pain.
Previous Healths- She has always enjoyed good health.
Treatment:- Five injections of detoxicated typhoid 
vaccine v/ere given in doses from 100 to 200 million 
organisms. After each injection there was a rigor and 
the usual malaise, but the highest temperature response 
recorded was 102°F. There was some, but not marked, 
improvement. The pain in the affected joints diminished 
considerably,but the sv;relling, thickening and stiffness 
remained. On diBhharge,her greatest difficulty was 
in/
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in walking,owihg to stiffness of the ankles and meta­
tarsophalangeal joints.
After History:- 20th February, 1924. Since discharge 
from Hospital,there has been no spread of the disease 
to other joints nor have the affected joints become 
worse. But the patient is still very stiff and requires 
massage. She can walk farther than she could before 
treatment.
Remarks:- The infective process has been stopped. This 
case illustrates the necessity for carrying on vigorous 
massage long after the infection has been checked.
Case XXII. M.S. Femala. Aet 34. Admitted 29th April,192^
History:- In February, 1922,the toes, ankles, fingers '
and wrists became swollen and painful. The lumbar 1
region of the spine was stiff and painful, and mastication 
caused severe pain in both temporo-mandibular joints.
She recovered partially from this attack but at the 
beginning of April, 1922, there was a recrudescence i
of the condition.
Condition on Admission:- There is tenderness and 
thickening of the periarticular tissues of the ankles 
and of the metatarso-phalangeal joints of both feet.
The feet are sweating and the 3kin over them is glazed.
The finger and wrist joints are similarly affected.
The movement of the left shoulder is limited; the arm 
cannot be abducted to move than a right angle. There 
is tenderness and rigidity of the lumbar region of the 
spine. No focus of infection is discovered.
Treatment:- Four injections of detoxicated vaccine 
were given in doses of 100, 200, 200 and 300 million 
organisms respectively. Each injection was followed 
by shivering, headache, nausea, and a rise in temperature. 
After each injection,the affected joints became less 
painful and more supple. She vras massaged, and passive 
movements were employed to increase the range of movement 
of the left shoulder joint. She left hospital well.
After History:- March 1924. This patient has been abl® 
to carry on her occupation since discharge from hospital.
Her only complaint now is that her ankles beoome stiff after 
she has been stanuing all day.
Case/
Case XXIII. M.MoW. Female. Aet 42. Admitted 13th May,1928.
History:- in December, 1920, she began to feel the toes 
and ankle of the left foot stiff. Later on, these joints 
became ptinful ana swollen so that she could hardly walk. 
Some months afterwards,the fingers and wrists of the 
left hand became affected in a similar way, the right 
elbow was attacked, and 2 months before admission the 
condition began to spread to the right wrist and 
fingers. At that time, pain and swelling in the left 
foot and ankle became very much less and she could walk 
about in greater comfort. The condition of the other 
affected joints has varied a great deal in intensity from 
time to time,but has never shown any signs of improvement 
in spite of treatment with salicylates and vaccines.
Previous Health:- She has always had very good health up 
to August, 1920, when, she states, she suffered from stone 
in the bladder. This stone was passed in the urine,and 
since then she has had no further trouble.
Condition on Admission:- She is well developed and her 
general nealth is good. She has very little pain except 
when attempts are made to move the affected joints,when 
she exhibits a marked degree of nervousness.
The right elbow is very much swollen and the skin 
Aver it is slightly red. The synovial membrane of this 
joint is very much hypertrophied,and there is thickening 
of the periarticular tissues and some fluid in the joint. 
The elbow cannot be extended or flexed except through a 
very small angle. Supination and pronation are impossible 
ana there is considerable wasting of the muscles of the 
arm.
Both wrists show thickening of the synovial membrane, 
are tender on pressure^and have practically no mobility, 
(due to adhesions).
The metacarpophalangeal and interphalangeal joints of 
both hands are slightly swollen but there is no pain and 
very little loss of mobility. The hands sweat very freely.
The feet appear normal, the left foot having become 
quite well during the past 2 months. The other joints of 
the body are unaffected.
Circulatory, respiratory,and other systems are normal,
and/
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and no focus of infection can be discovered.
Treatment:- Before treatment was commenced, an attempt 
was made- to secure greater mobility of the left wrist by 
breaking aown the adhesions which had formed. This was 
done by sharply bending the wrist when the patient was 
off her guard. The joint certainly was maae mobile,but 
next day it was so painful and tenaer that she could not 
bear to have it touched, and in a week's time it was nearly 
as stiff as ever.
This illustrates the folly of breaking down adhesions 
rapidly, either with or without an anaesthetic,in these 
particular conditions. For, if this be done, there is so 
much pain in the joint afterwards,that the patient will 
not allow further movement and the adhesions will form again. 
It is far better, if there is the slightest suspicion of any 
active process being present, that the adhesions should be 
gradually stretched ana greater mobility produced in this way.
In this case the patient received five injections of 
200 million detoxicated typhoid organisms. Following each 
injection there was a rigor, the patient had headache, some 
nausea and occasional sickness. There was always considerable 
rise in temperature, settling to normal in 24 hours, but the 
most marked feature vms the very definite focal reaction.
After each injection there was marked increase of pain and
tenderness in all the affected joints.
Consequent on the first injection,the right elbow 
became less painful sna tender, power of flexion and 
extension increased,and pronation ana supination became 
quite good.
The condition of the joints gradually improved,and on 
discharge from hospital on July 20, 1922, the following note 
was made "There is still considerable thickening of the 
synovial membrane of the right elbow joint,which limits 
the movements of flexion and extension of the forearm. She 
can nov, however, raise her hand to her mouth and to the 
back of her head. The joint is no* not painful and is only 
slightly tender to touch. The fingers are now normal. The
wrists have become more mobile but there is still con­
siderable limitation of movement."
After History:- March 20, 1924. This patient was seen 
to-day. Since discharge from hospital she has remained 
well. She can perform all her household duties and do the 
hardest work without any inconvenience. There 16 still thick— 
ehing of the periarticular tissues of the right elbow and 
of/
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of both wrists, but these joints are neither painful nor 
tender. The infection has been quelled.
Case XXIV. M.M. Female. Age 24. Admitted 5th June, 1922.
History:— Near the end of 1918 the patient suffered 
from ulceration of the throat and tonsils which apparently 
became quite well after treatment. In March, 1919, pain 
developed in her right knee,and,during the summer,the 
left knee, the wrists, the finger joints, elbows, shoulders 
and ankles became swollen and painful. This condition 
continued during two years, the joints being at times 
fairly well and at other times very painful and swollen.
In 1920 the arms became flexed and fixed at a right angle.
In November, 1921, walking became difficult because of 
the pain and swelling in the knees, and since that date 
she has been confined to bed. The knees gradually became 
flexed and in March, 1922, she was admitted to Mr Taylor* s 
ward. Extension was applied in an attempt to straighten 
the legs, she was treated with massage fend her tonsils 
were removed, but without any improvement. She was 
admitted to Dr Stockman's ward in June.
Previous Health:- She Iras always enjoyed good health until 
the beginning of this illness in 1918.
Condition ftp ^ pission:- Both elbows are flexed at a 
right angle because of contracture of the biceps muscles.
All the muscles of the armsand hands are markedly atrophied. 
X-Ray shows atrophy of Ie b o b b bone and blurring of joint cavity.
The wrist joints are swollen and fixed,and X-Ray 
shows fusion of the bones of carpus. Any attempt to 
move these joints causes much pain.
The proximal interphalangeal joints of the 2nd and 
3rd fingers of the right hand are swollen.
There is marked muscular atrophy in the legs and 
thi0is, the quadriceps muscle being almost wasted away.
The synovial membranes of both knees are swollen and 
doughy to the touch. The ham—string muscles show marked 
contracture, and the knees are fixed at a right angle and 
are tender and painful. She is very nervous and excitable 
and,when any attempt is made to move the knees,she weeps and/
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and cries out. X-Ray uoes not show the bones to be 
affected. The other systems are not affected.
Treatment:- Four injections of detoxicated vaccine were 
given in doses of 100, 200, and 300 million organisms.
There was very slight reaction in each case. No improve­
ment in the joint condition was observed.
Case XXV. A.W. Female. Aet 48. Admitted June 13, 1922.
History:- The disease began in 1908 with pain in the 
right shoulder after a"chi11." This lasted for a few 
days ana then passea off. Six months afterwards,the 
wrist, finger,and ankle-joints became swollen ana stiff.
From that time onwaras until 1918, there was gradual and 
increasing aisability resulting from the conaition of the 
joints, though at times she felt fairly well. In 1918 she 
was treated in the Western Infirmary with massage and 
received considerable benefit.
For a short time after she left hospital in 1918, she 
remained fairly well and comfortable,but at intervals after 
that she had bouts of pain ana swelling of the affected 
joints. She gradually became worse and was re-admitted to 
the Infirmary for further treatment.
Condition on Admission:- There is swelling of all the 
proximal interphalangeal joints of the fingers which are 
fusiform and limited in movement. There is ulnar deviation 
of the fingers of both hands.
The periarticular tissues of both wrists are thickened 
and tenaer to the touch. Movement of these joints is 
limited. The shoulder joints are apparently unaffected 
and movements are normal. Around these joints there is 
considerable thickening of the subcutaneous fibrous tissue 
which is tenaer on pressure.
She complains of pain in the region of the knees but 
this is due to panniculitis on the inner aspect of the joint. 
The ankles are swollen as a result of thickening of the 
capsule of the joint. Hallux valgus is present on both 
sides ana all the toes are held in a flexed position.
There is a bunion on the great toe of each foot.
Heart and lungs are normal. No septic focus is 
discovered.
Treatment:- Two injections of detoxicated vaccine were 
given/
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given in aoses of 200 million organisms. There was very- 
little reaction, and no improvement in the joint condition. 
Ftr private reasons she had to leave Hospital.
After History:- March 1924. Since leaving hospital.The iTTryst16 ft has spread to other joints and she is
now worse than she was in 1922.
Case XXVII. M.C. Female. Age 18. Admitted 1st July, 1922,
History:- In the spring of 1921,both knees and the right 
elbow became swollen, and painful. A few weeks after­
wards there was distinct improvement. She remained 
comparatively well until April, 1922, when there was an 
exacerbation of symptoms and as a result she could walk 
only with difficulty.
Conaition on Admission :- The patient aoes not hear well. 
This is due to impacted cerumen in the external meatus of 
the left ear and to an indrawn membrane in the right ear. 
There is no evidence of perforation or cicatrix of this 
membrane.
There is thickening of the synovial membrane and 
periarticular tissues of the right elbow, and movement 
of that joint is limited.
Both knees are swollen, and the right joint contains 
a small amount of fluid. The fluid is purulent,but no 
organisms can be discovered in film or on culture.
The right ankle is swollen and painful.
Treatment:- Two injections of 200 million detoxicated 
typhoid organisms were given, ana,following each,there 
was only a slight reaction. A third injection of 400 
million organisms was given, but again there was little 
reaction,and no improvement was shown in the condition 
of the joints. It was then decided to give ordinary 
typhoid vaccine in a aose of 100 million organisms. There 
then ensuea a marked reaction which was followed in a 
few days by very marked benefit. In fact, 5 days after­
wards, she insisted that she was well and left hospital.
After History:- March, 19^3. This patient wrote to say 
that she had remained well since she left the Infirmary.
March, 1924. She wrote saying that in June, 1923, the 
left/
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left knee had become again swollen ana painful ana that 
she had been forcftd t*o remain in bed for two months.
Case XXVIII. K.C. Male. Age 52. Admitted 26th June, 1922.
History:- Nine weeks before admission,the patient caught 
a. "chill" and began to feel both heels painful. Soon,both 
knees became swollen ana painful,and afterwards both 
shoulders. After four weeks,there was some improvement 
which lasted only 14 days. The condition then became 
worse and both ankles became swollen, stiff, and painful.
He was treated with salicylates withodt benefit.
©Conaition on Admission:- There is no history of gonorrhea 
and no evidence that he ever suffered from this disease.
No septic focus can be found.
The rieht knee is very much swollen, tender, end very 
painful on the slightest movement. The left knee shows 
some thickening of the synovial membrane and is tender on 
pressure. The right ankle is swollen and painful.
Both wrists are stiff but not painful. There is 
thickening of the periarticular tissues of the left elbow 
which is tender on pressure,and movement is possible only 
through an angle of 90°• Both acromioclavicular joints 
are tender on palpation ana the arms cannot be abducted 
beyond an angle of 90° with the body.
Treatment:- To begin with, detoxicated vaccine in doses 
of 200 million organisms was used. Four injections were 
given. The reaction was fair and there was slight improve­
ment. No further injections were given during the next 
four weeks, and the patient gradually became worse. Then 
2 injections of ordinary vaccine in doses of 100 and 200 
million organisms were given. In each case there v-as a 
marked reaction and this was followed by marked improvement.
After History- March, 19^4. The patient writes to say 
that he has been back at work for the last 14 months. He 
is in good health and complains only of a little occasional 
tenderness in his heels.
Case XXIX. C.McI. Female. Age 25. Admitted 19th July, 1922.
Historyl- During the past 6 months her back has gradually 
become stiff and weak.
Condition /
10)8.
Conaition on Admission:- All movements of the head, - 
rotation, flexion, ana extension -are very limited.
Flexion of the trunk is fairly gooa, but lateral 
movements ana rotation are very limited. There is marked 
rigidity of the spine in the lower dorsal and lumbar 
reeions. X-Ray examination aoes not show bony changes 
in the vertebral column.
Treatment:- Tnree injections were given, the first two 
of detoxicateu ana the last of ordinary vaccine. There 
was little reaction after the first two, and considerable 
reaction after the last injection. Improvement manifested 
itself only after the last injection. She was given 
exercises and on August 27, left hospital very much 
improved.
After History:- March 1924. This patient writes to say 
that she is in excellent health, has carried out all her 
duties since she left hospital,and has improved very much. 
There is still some limitation of the lateral movements 
of the spine.
Case XXX. H.B. Female. Age 53. Admitted 28th July, 1922.
History:- Sixteen years ago,the joints of the hands and 
feet became swollen, painful, and gradually deformed, 
Eighteen months ago,the right ankle swelled up, became 
very painful, and the patient was forced to stay in bed 
for about three months. Since then, she has had.' constant 
pain and stiffness in the joints of the hands ana feet, 
and in her knees ond ankles.
Condition on Admission:- Nearly all the metacarpophalangeal 
and interphalangeal joints of both hands are swollen and 
stiff. There is considerable deformity of the hands. The 
ankles and joints of the feet are affected in similar 
fashion. There is well marked hailU^/algus on each foot. 
There is present generalised panniculitis.
Treatment:- Two injections of detoxicated typhoid vaccine 
in doses of 200 million organisms were given. There was 
no reaction and no alteration in the joint condition. 
Thereafter she was given three injections of ordinary 
typhoid vaccine. Each was followed by considerable 
general reaction with increase of pain in the affected 
joints. The pain gradually diminished, and after receiving 
massage/
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massage she left hospital practically free from pain, 
though the deformity remained.
After History:- 11th March, 1924. There is still present 
deformity of various joints but it is much less than 
before treatment. She can walk with comfort, and use her 
hands. Her chief complaint is pain in the shoulders, 
which is due to fibrositis of the fescia of the trapezius 
muscle on each side. The infective process has been 
checked.
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Case XXXI- h.K. Female. Age 38. Admitted 5th Sept.l
m  flt.nrv;- The disease process started in 1908 
when many joints of the body became swollen and painful. 
Since that time she had received Hospital treatment 
on two occasions, in 1908 and again in 1914. Since 
discharge from Hospital in 1914,she has been able to 
do her housekeeping,although she has always been a 
little stiff and lame and cannot raise her arms above 
her head. In July 1922, she began to have pain in 
her hands with some swelling of the joints, and acute 
pain in the right knee.
Condition on Admission:- There is thickening of the 
wrists and of the metacarpo-and interphalangeal 
joints of the fingers of both hands. These joints are 
tender, and the grip is very weak. There is contrac­
ture of the biceps muscle on each side so that theQ 
forearms cannot be extended beyond an angle of 135 
with the arms. The movements of flexion, pronation, 
and supination are very limited. There is partial 
fibrous ankylosis of both shoulders. There is 
fibrositis present in the trapezius and deltoid 
regions on both sides.
The right knee is partially flexed, and cannot be 
fully extended. The patella is scarcely moveable.
The left knee can be fully extended but it is swollen 
and painful on pressure. It cannot be fully flexed. 
Both ankles are swollen, the left being very stiff 
and limited in movement.
Treatment:- One injection of detoxicated typhoid
vaccine provoked no reaction,and there was no 
improvement, 8 injections of ordinary vaccine were 
given in doses rising to 250 million organisms. To 
begin with, there was considerable reaction, which 
was followed by some improvement in the pain and 
stiffness of the joints, but later on the reaction 
became very slight. She was given massage, and 
splints were used in an attempt to straighten the 
legs. She left hospital improved as far as it was 
possible,in view of the marked alteration which had 
taken place in the joints.
After hlatorv:- This ‘patient remained comparatively 
well for a year* when the left knee again became painful 
and prevented her from walking.
Case XXXII- J.D. Female, Age 28. Admitted Sept.21st., 1922,
History:- In March 1921,the patient had all her teeth extracted, 
and shortly afterwards both wrists became swollen, red, stiff, and 
painful on movement. The knees and shoulders were next 
affected, and in September 1921 the condition spread to the ankles. 
She lost her appetite, became thin,and the condition gradually 
advanced. Hot soda baths, salicylates and various vaccines 
have been exhibited in the treatment of the condition but they 
did not yield even temporary improvement.
.Previous History:- She has always had good health until the 
onset of this disease.
Conditio^ on Admission;- The wrist joints are swollen with syno­
vial thickening,and there is a little fluid present in each joint. 
Movement of these joints is accompanied by pain.
There is swelling of the first and second metacarpophalangeal 
joints,and the proximal inter-phalangeal joints of the ring finger 
of each hand. There is some atrophy of the muscles of the fore­
arms and hands.
Movements of the shoulders are painful but there is no 
swelling of the joints.
The ankles are swollen as a result of synovial thickening and 
are painful and tender to.touch. There is some thickening of 
the capsule of both knee-joints and wasting of the muscles above 
and below each joint. She has difficulty in walking because of 
pain.
She has twinges of pain in the right temporo—mandibular joint 
and in the cervical vertebrae.
All the other systemsof the body are healthy and no focus of 
infection can be discovered.
Treatment:- Four injections of ordinary typhoid vaccine in 
doses of 100, 200 and 250 million were given. After each 
injection there was a decided reaction, the temperature rising 
in one instance to 104JF* with increase of pain in the affected 
joints. Improvement was evident^ and she was dismissed on Oct. 
20th., 1922. in the following condition. "Patient can r̂alk 
quite easily. The swelling of the wrist-joints is mudh less than 
on admission though there is still some thickening and tenderness 
present." She was advised to continue massage.
After history;- Recurrence 6 months after discharge fro» hospital.
Case XXXIII- M.J. Age 34. Admitted Oct ,13th.,1922.
Ffhnrv; — Twenty-one months before admission,the 
patient began to have pain, first in the inter-phalangeal 
joints and later in the metacarpo-phalangeal joints of 
both hands. The pain was accompanied by swelling of 
these joints and, at a later date,the condition spread to 
both wrist-joints. No other joints were ever affected.
Previous History:- She has always had good health.
Condition on Admission:- The hands are no 1st with 
sweat and considerably deformed. Both wrists are much 
swollen, due to synovial thickening: they are painful
on movement and tender on pressure. There is marked
limitation of movement of botbjwrists.
There is considerable thickening of the capsule of 
the joint8 of the index and middle fingers of each hand, 
and palpation over these elicits fibrous . tissue crepitus. 
There is slight ulnar deviation of the ficgers of both 
hands.
Heart and lungs are normal. No septic focus can 
be discovered.
Treatment:- Five injections were given in doses rising 
to 250 million organisms. Each Injection was followed 
by a decided reaction, but in this case the focal 
reaction was only of the slightest. In the end,there 
was considerable diminution in tenderness of both wrists, 
%nd the movement became increased,but there was only 
slight diminution in the synovial swelling. The active 
process appeared to have come to an end and accordingly 
she was dismissed on November 22nd..
1st March, 1924. Her doctor informs me that the 
improvement has been maintained since her discharge from 
hospital. There is still present a thickened synovial 
membrane in both wrists, but the condition has not 
spread to any other joints,and he regards her as fit for 
fork.
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Case XXXIV. M.C. Female. Age 33. Admitted 3rd Oct.,1922
Histnrv:- Illness began years ago*with pain and
swelling of the joints of the fingers of both hands.
The condition slowly progressed, involving the wrists, 
knees, and left shoulder. She continued at work until 
May, 1921,when the pain and swelling of the knees forced 
her to give up. Since then,the joint-condit ion has 
become gradually worse.
Previous History:- Her previous health has always been 
good.
Condition on admission:-* Both knee-joints are swollen 
and painful, the left much more than the right. There is 
some thickening of the capsule of the right knee with 
pain on movement. The synovial membrane of the leftlknee 
is very much swollen, doughy to the touch, and very ' 
tender. Movement of this joint is very much limited 
because of the extreme pain. There is also some 
contractor© of the ham-string muscles, which prevents 
the leg from being completely extended at the knee.
There is marked panniculitis present on the inside 
of the thighs and legs.
Both wrist-joints exhibit thickening of the 
periarticular tissues,and movement is very much limited.
A similar state of affairs exists in the metacarpo­
phalangeal joints and inter-phalangeal joints of both 
hands* and, as a result, the power of grip is decrease^ 
especially in the right hand.
There is panniculitis of the shoulders and upper 
arms,which causes a good deal of pain and tenderness.
Heart, Lungs,and other systems are quite healthy 
and no septic focus can be discovered.
Treatment:- 5 Injections were given in doses rising
to 250 million organisms. In each case there was 
marked reaction, A modified Turner*s Splint was used 
to straighten the left leg,and,on discharge from Hospital, 
she could walk up and down stairs* and suffered very 
little pain. There was, however, still very marked 
thickening of the synovial membrane of the left knee- 
jo int.
After«hiatorvs- March 1924, No other joints h*ve
become affected,but the left knee-joint is still very 
painful and cripples this patient.
Case XXXV. M.S. Female. Age 25. Admitted 3rd November,1922
History:- In 1918,the patient was engaged in munition work 
which involved much standing in the open air, and often in 
very wet weather. She complained then of pain in both 
feet, especially in the toes. The knees were next 
affected and then the shoulder-joints. Later, the wrists 
and inter-phalangeal joints of the fingers became affected, 
have remained swollen, and are often very painful. She 
received various forms of treatment, her tonsils, adenoids, 
and some decayed teeth were removed, all without any 
affect on the condition of the joints*
Previous History:- She has always enjoyed good general 
health.
Condition on Admission:- There is thickening of the 
capsules of the proximal! inter-phalangeal joints of both 
hands,which are therefore swollen. These joints are, 
howdver, painless. A few of the metacarpo-phalangeal 
joints are similarly affected. There is some wasting of 
the intrinsic muscles of-the hands.
There is peri-articular thickening of both wrists,but 
movement is good and is only painful on extreme flexion and 
ext ension.
Each knee-joint shows some thickening of the capsule but 
movements are of full range, though stiffly performed.
There is considerable deformity of the toes of both feet, 
several being of the hammer-toe variety, and t$e re is 
thickening and tenderness on pressure of the meta-tarso- 
phciangeal joints.
All other systems are healthy* and there is no focus of 
infection.
Treatment:- 3 injections in doses of 100, 150, and 200
million prganisms were given, and she was massaged. There 
was marked improvement, and though there was still some 
thickening of the affected joints, she left hospital well.
After history:- March, 1924. The patient states that 
she has been able to carry cn her work for the past year, 
though the finger-joints are still swollen. No other joint 
has become affected. The JLnfdctive process has ceased.
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Case XXXVI. M.S. Female. Age 32. Admitted October 19, 1922.
History;- In March, 1922, she noticed that her right shoulder 
joint was stiff. This stiffness passed off for a short time, 
but soon recurred and spread to the other joints of her body, 
so that in July she could not kneel. Later on, the joints of 
her hands beoame swollen, and stiff, but not painful, and her 
wrists and knees became much more swollen. She was treated 
without resulting improvement.
■Previous. History;- She has always enjoyed good health.
Condition on Admission*- The proximal interphaiangeal joints 
of the fingers of both hands are swollen, giving to the fingers 
a fusiform appearance. They are not painful on pressure or 
on movement. There is thickening of the capsule of the 
metaoarpo-phalangeal joints. The intrinsic muscles of both 
hands are atrophied. There is thickening of the periarticular 
tissues and limitation of movement of both wrists.
There is marked thickening of the periarticular tissues 
and synovial membrane of both knees, which limits movement.
The ankles are similarly affected.
There is generalised panniculitis, affecting chiefly the 
legs, which causes her considerable pain.
Heart, lungs, and other systems are healthy. No septic 
foous can be discovered. Temperature is above normal.
Treatment;- Six injections were given. After each, there 
was a marked reaction and it was not necessary to raise the 
dose above 150 million organisms. The temperature did not 
settle completely until after the 5th injeotion. There was 
considerable improvement in the shape of diminished pain and 
increased mobility of joints, but the thickening persisted, 
and on discharge from hospital her joints were stiff.
After Historvi— March, 1924. She writes to say that no other 
jo int s have be come affected, but that she is crippled by the 
stiffness and deformity of the fingers, sulkies, and knees.
Ca«e XXXVII. T.D, Male. Age 43. Admitted 26th Dec., 1922.
Hlfltorvs- In 1904,his left knee became suddenly swollen and 
painful, and,very soon,both elbows became similarly affected. 
The latter were more painful than the knees, but less swollen, 
and they soon beoame so stiff that he could move them only with 
difficulty. For a number of yeafs the condition of his knees 
and elbows varied. Later, the shoulders, wrists, and the 
metacarpophalangeal joints,beoame painful and swollen. He was 
able to move about until 13 weeks before admission, when the
right/
right knee became very painful, the swelling increasedtand 
he was forced to go to bed*
Condition on admission;- Both shoulder-joints are ahkylosed. 
Both elbow-joints are fixed at a right angle* There is 
marked contracture of the biceps muscle on each side, and 
marked wasting of all the muscles of the arm. Both 
wrists are fixed and swollen,and any movement causes pain.
The interphalangeal jointd are fusiform in appearance and, 
on moving them, a creaking leathery feeling is experienced. 
The metacarpo-phalangeal joints are thickened. There is 
some limitation of movement of the fingers which are painful.
The left knee-joint is quite fixed. There is very 
little pain in it, and*round about the joint,little 
irregularities and projections of bone can be felt.
The right knee-joint is swollen and very tender, due 
to the thickening of the synovial membrane. There is 
contracture of the ham-string muscles,and the knee cannot 
be fully flexed and extended.
Both ankles and toes are swollen and very stiff*
Movement is limited and painful*
Treatment:- No improvement resulted from treatment with 
typhoid vaccine intravenously, although five injections 
were given and the patient reacted moderately well.
Case XXXVIII- A.McC. Female. Age 52. Admitted 16th Jan. 192;
'History;- In January, 1918, the left knee became painful, 
and she was easily tired on walking. In 1919,the right 
knee became so painful that, for a time, she could not move 
about. In 1920,both shoulders became involved, with 
pain in the arms, hands,and fingers, so that she was unable 
to wash her face. During the past year, the jaw has become 
stifftand the neck can be moved only with difficulty.
Condition on Admission:- The patient lies rigid in bed.
The right shoulder droops, the head being slighly turned to 
the left. The arms are held flexed at the elbows, and both 
knees are drawn up. She is unable to do anything for 
h@rself. Shere is marked fibrous periartjb ular thickening 
of both wrists and elbows and of the proximal-phalangeal 
joints of the fingers of both hands. ®he biceps are 
contracted on both sides. There is wasting of the pectoral, 
deltoid,and scapular muscles. Lateral movement of the 
mandible is impossible* There is tenderness over the 
nuchal ligament and adjacent muscle s. Both knee-joints « 
are thickened and doughy, and there is slight contracture 
the ham-string muscles*
II#,
There is narked limitation of movement of all affected 
ioints especially of the right elbow and both shoulders.
Flexion of the vertebral column at any point is
X-rav examination shows no changes in the bones of the spine.
Most of the affected joints are painful, and any attempt 
increase the range of* movement causes considerable pain.
Treatment:- Five injections were given in doses rising 
to 200 million organisms. There was a marked reaction in 
each case. Definite improvement was obtained. The 
thickening of her joints remained, but she was able to get 
up, to walk up and down stairs, and to pick up objects from 
the floor, while she became quite free from pain.
After history:-. March 1924, For 3 months after discharge 
from hospital,this patient remained well and was able to 
carry on her work. Then the stiffness and pain in the 
affected joints returned,and she is now unable for her 
duties.
Case XXXIX. A,McM, Age 26. Admitted 19th January, 1923.
history.:- 16 months before admission, the patient had 
pain and stiffness in the joints of the arms. In March 
1922 the ankles became swollen,and the disease spread to the 
elbows, fingers, shoulders,and knees. Prom September until 
December 1922,she received hospital treatmentfbut on leaving 
the Infirmary she could hardly walk. She states that 
occasionally she is feverish.
Condition on Admission:- There is thickening of the periar­
ticular tissues of both wrists which are painful and tender, 
and movement is limited. The left is worse than the right.
The interphalangeal joints of both hands are thickened, and 
there is present slight Dupuytren*s Contractor©, There is 
periarticular and capsular thickening of both elbows, but 
movement of these joints is not restricted.
Both ankles are markedly swollen,and movement of these 
joints causes considerable pain, No septic focus Is discovered 
There is marked sweating of the hands and feet,
Jreatiqeftfr,: — 5 doses of ordinary typhoid vaccine were given, 
followed in each case by considerable reaction. Three days 
Q’fter tne first injection,there was very much less sweating of 
the hands and feet. She improved rapidly and,on discharge, 
the movements of all joints, especially of the ankle joints, 
were greatly improved,and she could walk fairly comfortably. 
There was now no evidence of active Infection.
i20s
Vtp.r History:- Marcia 1924. This patient writes to 
say that no other joints have become affected. The 
sweating of the hands and feet has not returned. She 
still complains of stiffness and tiredness in her feet 
and ankles.
Case X L . N.McC. Female. Age 32. Admitted 23rd Jan.1923,
History;- Illness commenced in August, 1920 ̂ with
swelling, stiffness,and a little pain in the finger- 
joints of both hands. Since then,the condition has 
persisted in spite of various forms of treatment.
She was a patient in The Royal Mineral Hospital at 
Bath from October till December 1922, but received no 
benefit. Near the end of December, the left ankle 
became swollen and painful on walking.
Condition on Admission:- Tfce proximal inter-phalangeal 
joints of the 1st and 2nd fingers of the left hand, and 
of tne 1st, 2nd,and 3rd fingers of the right hand, 
are markedly fusiform, due to thickening of the 
synovial membrane. They are tender on pressure,and 
the patient is unable to close her hands.
The left ankle is swollen. There is thickening 
of the synovial membrane, tenderness on pressure,and 
limitation of movement. There is marked generalised 
panniculitis. No focus of infection is discovered.
Treatment:- Massage and four injections of ordinary 
typhoid vaccine in doses up to 250 million were given.
The swelling of the fingers diminished and the movements 
of the joints became more supple. On discharge,she 
could close her fingers easily,and the swelling and 
tenderness of the left ankle had gone.
Efcfrpry:- 27th Feb., 1924. This patient was 
seen to-day. The ankle-joints are normal. There is 
still some thickening of the periarticular tissues of 
the inter-phalangeal joints of the fingers,but much 
less than on admission. She oan close her hands 
perfectly,and has been at work since discharge from 
hospital. She suffers no pain. The inactive 
process is completely stopped.
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Case XLI R.B. Female. Age 27. Admitted l5th Feb., 1923
History:- Five years ago,ohe proximal interphalangeal 
joints of the right hand became swollen,and gradually 
the condition spread to the same joints of the other 
hand. At this time,she only felt stiffness but,
2 years ago,the joints became painful. Eight months 
ago,both ankles became swollen and painful.
■Condition on Admission:- There is considerable 
thickening of all the proximal interphalangeal joints, 
left wrist.and both ankles. These joints are tender 
on pressure and are limited in their range of movement. 
There is marked generalised panniculitis. ho focus 
of infection is discovered.
Treatagfti.:- 5 Injections were given,and she was
massaged. She improved in that the synovial membrane 
of the affected joints became softer, less tender, and 
less painful. The infective process had apparently 
ceased,and she was dismissed with the advice to carry- 
on massage treatment for the panniculitis.
After History:- 1st March, 1924. This patient was 
seen to-day. The affected joints are still swollen 
but they are not painful and there has been no 
exacerbation of the condition since discharge from 
hospital. She still has marked generalised panniculitis 
and requires prolonged massage.
Case XL U ^  C.MoP. £ Age 26. Admitted 16th Feb., 1923.
History,:- Illness began in Oct. 1922, with severe pain 
and swelling of the ri^at wrist. The right hip next 
became painful,and she was forced to go to bed. While 
there, it was found that she had some fever. The knees 
and then the elbows and shoulders,became affected in the’ 
same way. In January 1923, the pain and swelling in 
theae joints diminished^but all the affected joints 
remained stiff and tender.
1 2 2 .
.Condition on Admissions- There is swelling of the 
periarticular tissues of the proximal interphalangeal 
joints of both hands, and some wasting of the 
intsrosa?ei muscles. Both wrists are thickened, 
tender,and very painful on forced flexion and extension.
Both shoulders are tender all over on pressure,but 
especially in front, over the capsule of the joints, and 
movement is limited by pain.
There is pain in both knees which are slightly 
thickened,and the ankles and toes are slightly swollen 
and painful.
The temperature is elevated and the patient sweats 
a good deal. No focus of infection is discovered.
Treatment:- Four injections in doses rising to 250 million 
organisms were given. After the third injection,the 
temperature settled to normal and did not rise again.
There was very marked improvement , anc^ on discharge, she 
could use all her joints perfectly, without pain, and 
only a slight degree of thickening remained in the 
fingers and wrists.
After History;- This patient emigrated to Canada in 
August, 1923. In February 1924,she wrote to say that she 
was perfectly well and able to do the hardest work without 
any inconvenience.
Case XLIII. C.McM. Female. Age 49. Admitted 17th Feb. 1923
Hiatorv»« Pain and swelling commenced in both wrists 
three years ago. Sometime afterwards*her feet and 
ankles became painful. In July 1922,she went to 
Strathpeffer for treatment,but during the first three weeks 
was confined to bed and her temperature was elevated.
During the next six weeks,she received the baths and 
massage and felt much better. Since then, however, she 
has lapsed to her former condition,
Cond it ion on admi a a i nn,;«. The 2nd and 3rd metacarpo­
phalangeal joints of the left hand are swollen with 
periarticular thickening.
The 2nd and 3rd metacarpo-phalangeal joints and 
the proximal interphalangeal joints of the 4th and little 
finger of the right hand are fusiform. The interphalangeal 
joints of the little finger are completely ankylosed.
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Both wrists show thickening of capsule,and tnere is 
considerable pain, tenderness,and limitation of movement.
The interos8ei muscles are wasted and the grip is poor.
The fight elbow shows some periarticular thickening, 
and movements of flexion and extension are limited. The 
patient cannot raise the right hand to the head. The left 
shoulder joint is very painful and tender,and the patient 
cannot raise the arm above the level of the shoulder.
She has pain in the knees and hips, and cannot rise from 
a chair without help. There is thickening and tenderness on 
pressure over the metatarsophalangeal joints. Marked 
generalised panniculitis is present.
Treatment:- Four injections of hyphoid vaccine were given, 
and each was followed by marked reaction and some improvement. 
On discharge the movements of the wrists and fingers were 
much freer, and the grip was increased in power. The 
fibrous thickenings had not altered to any appreciable extent, 
but she could walk with comfort.
After History:- This patient continued to improve until 
December, 1923. At that time,the panniculitis from which 
she suffered became worse and still troubles her. No 
other joints have become affected.
Caae XLIV. F.R. Female. Age 49. Admitted 23rd March, 1923.
History:- Illness commenced in December, 1921, with severe 
pain in the temporo-mandibular joint so that she could not 
eat. At that time, according to her doctor, she showed 
signs of mitral insufficiency. Gradual improvement took 
place for a few weeks, and then the left shoulder became 
painful. The disease spread to her hands, the right in 
particular being affected, and in February, 1922, the inter- 
phalangeal joints and wrists were much swollen and tender. 
After this,there was considerable improvement, but in 
January, 1923, the condition lit up again. The hands and 
wrists became much worse, and the knees became so painful 
and swollen that she could not walk about. Since the 
beginning of March,the pain has been very severe, confining 
her to bed for 10 days before admission.
Condition on Admission:- The temporo,-mandibular joints show, 
crepitation on movement, and there is thickening of the 
fibrous tissue of capsule. Fibrositis is present in the 
deltoid and trapezius regions,causing limitation of movement 
of/
of the shoulders. There Is fusiform welling of the 
Interphalangeal joints of both hands and thickening of 
the joint structures of the wrists, hindering movement 
especially on the right side, and the hands cannot be 
closed tightly. The ankles are not much affected,hut 
there is fibrous thickenings at the base of the toes, 
and painful fibrous tissue around both knee-joints.
The rstage of movement of the knee-joints is complete.
There is generalised panniculitis present. The heart 
sounds are weak,but otherwise there is nothing abnormal.
No focus of infection can be found.
Treatment:- Three injections of ordinary vaccine were 
given,and she reacted well. Considerable improvement 
resulted from this treatment. The following was her 
condition on discharge from hospital "The ankle and 
knee joints are practically free from swelling and pain,end 
movement is now complete. The movements of the left 
wrist are also complete in range,but there still remains 
slight thickening of the periarticular tissues of the 
proximal interphalangeal joints of the left hand, which 
interferes slightly with the closing of the hand. The 
movements of the right wrist have increased in range,and 
the swelling of the synovial membrane and periarticular 
tissues has diminished. The thickening of the inter- 
phalangeal joints remains, but movements are freer and 
not associated with pain. There is still some fibrositis 
on both shoulders,"
After, .History Soon after discharge from hospital,this 
patient had an operation for hernia, and then her appendix 
was removed. She was thus confined to bed for a 
considerable time and unable to take exercise, and in 
March, 1924, she 7/rote to say that she has become very 
stiff and has difficulty in walking.
Case..XLV. C.S. Female. Age 20. Admitted 24th March, 1923.
History.:- Three years ago,the right knee became swollen 
and painful. Then the wrists and fingers were affected, 
and the process has gradually spread until practically 
all joints are affected.
■Gfladltlon on Admission:- There is marked thickening 
of the periarticular tissues of the knees, ankles, wrists 
and right elbow. All these joints are tender on pressure 
and there is limitation of movement. There is thickening 
of the inter-phalangeal joints of the fingers and she has 
great difficulty in closing her hands. There is 
generalised panniculitis present.
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Treatment:- Massage was begun,and she was given four 
injections of ordinary typhoid vaccine. The pain and 
tenderness of the affected joints rapidly diminished and, 
though the thickening remained to a considerable extent, 
she could, on leaving hospital, close her hands, and walk 
without any pain or inconvenience.
Aftftr History:- 2nd Feby., 1924, This patient was 
seen to-day. There is still thickening of the periarticular 
tissues of the affected joints but,since discharge from 
hospital,she has been able to carry on all her duties without 
inconvenience. The infective process has been checked.
Case XLVI. J.J, Male. Age 43. Admitted 7th April, 1923.
History:- Towards the end of 1922,he felt aching and
fatigue in both feet. Soon afterwards,the finger-joints of 
both hands became swollen and painful, and then the wrists, 
shoulders, ankles,and knees were similarly affected.
Condition on Admission. General health is good. No focus 
of infection is discovered. All the proximal interphalangeal 
joints of the fingers of the left hand are swollen and 
painful. Cfaly those of the middle and ring fingers of the 
right hand are involved. There is thickening of the peri­
articular tissues of both wrists which are tender and painful 
on movement. There is slight thickening of the right knee- 
joint, and the tissues round the left knee are markedly 
thickened,with increase in the fluid of the joint. In this 
fluid, short gram£positlve bacilli of diphtheroid type are to 
found in films and on culture. The ankles are not thickened, 
but he states that occasionally they are painful. There is 
present fibrositis of the buttocks and shoulders.
Treatment:- Three injections of typhoid vaccine in doses of 
100, 150 and 200 million organisms were given. Each injection 
v/as followed by considerable reaction and after the 3rd, all 
joints were normal except the left knee where there 7/as still 
some fluid present. This joint proved very resistant to 
treatment and five more Injections of 200 million organisms 
were given before the fluid disappeared. On discharge,there 
was still some thickening of the periarticular tissue of this 
joint, but otherwise he was well.
APi.sc Mrtory;-well. March, 1924. This patient has remained
126.
XLYII. E.Y. Female. Age 46, Admitted 9th April, 1923,
Seven years ago, She experienced pain and 
discomfort at the base of the toes, and later, pain 
developed in the Y/rists and shoulders. After a year, 
she was treated at Harrogate for 3 weeks and improved to 
some extent. Since then, however, her ankles have 
become painful,and during the past 2 years she has found it 
more and more difficult to carry on her work. Since the 
summer of 1922,her hands have become so painful that she 
is unable to knit or sew.
Condition on Admission:- She is pale and anaemic. There 
is thickening of the right elbow.and pain and limitation 
of movement. Both wrists are very much thickened, tender, 
and painful, There is a ganglion present on the radial 
of the dorsum of the left wrist. The 1st and 2nd 
metacarpo-phalangeal joints of both hands are thickened 
and painful.
The ankle joints are stiff and painful,and there is 
considerable pain and tenderness over the metatarso­
phalangeal joints of both feet.
T r e a t m e n t 4 injections in doses rising to 200 million 
organisms were given, and she was massaged. On discharge, 
she had no pain in any of her joints, the thickenings 
had diminished,and there was only slight tenderness on 
pressure over the wrists and the metatarso-phalangeal 
joints. She was very much improved.
After History:-- 27/2/24, This patient was seen to-day.
The joints of the hands are normal. There is a little 
swelling of the left wrist near the root of the thumb (ganglion), 
The feet are normal,but patient states that she has a tired 
feeling in the arch of the foot after walking Jong distances. 
The infective process is completely stopped.
.Q&g-ft Xffilll. M.W, Female. Age 53. Admitted 13th April,1923.
History:- Four years ago,the joints of her feet became 
swollen and tender,and,a year afterwards,the wrists and 
fingers became affected in the same way. She continued 
her household duties, though partially crippled, but in 
Sept. 1922,the swelling and pain increased, her shoulders 
became affected,and since December, 1922, she has been confined 
to bed,
C and It. i o n o n  Aidmi s.si on: - She cannot walk, and has to be fed 
by a nurse. The shoulders are so tender that she will not 
allow/
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allow anyone to touch them, and there is marked limitation 
of movement.
Both wrists are swollen and painful. The right wrist 
cannot be motfed, and the lefE wrist can only be slightly 
pronated and supinated. The metacarpo- and inter-phalangeal 
♦joints of both hands are affected and she cannot close them.
There is thickening of the synovial membrane of both 
knees which are painful and tender on pressure. Full flexion 
of the knees causes great pain. No focus of infection is 
discovered.
Treatment.:- Four injections of ordinary vaccine were 
given in doses of 100, 150 and 200 (twice) million organisms. 
There was very remarkable improvement and,on discharge, (12th* 
May) she could walk freely without pain, feed herself, close 
her hands tightly, and move her arms freely. There was still 
limitation of movement of the left shoulder, and some 
thickening of the wrist and knee joints remained.
After History:- 27/2/24. This patient was seen to-day.
She can now raise her arms above her head. The movements of 
both elbows are perfect. There is still some thickening of 
both wrist-joints, but movement is really normal. She can 
now walk without discomfort.
Remarks:- This case showed very remarkable improvement.
Case XLIX, J*A, Female. Age 15. Admitted 21st April, 1923.
History:- Illness began in February, 1922,with stiffness
in hands and feet, causing lameness. Shortly afterwards,the 
joints of the hands and feet became swollen, painful, and 
tender. From that time until February, 1923, the condition 
gradually got worse, and both knees became swollen and stiff.
Condition on Admission:- There is marked thickening of the 
synovial membranes and periartioular tissues of both wrists 
which are tender and limited in their movement. The proximal 
interphalangeal joint of each middle finger is thickened and 
slightly tender. Similar changes are observed in the right 
ankle-joint and in the metatarso-phalangeal joints of the feet.
Both knees are markedly swollen. The synovial membrane 
is thickened and each knee contains excess of fluid. The 
synovial thickening is very'marked in the left knee where 
synovial fringes can be palpated between the patella and tibia.
The sediment of the fluid drawn from the left knee-joint 
is abundant, and consists mainly of polymorphs. No 
organisms/
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organisms are found in film or on culture. No focus 
of Infection is found,
Treatment:- This case proved very resistant to 
treatment. Seven injections of ordinary vaccine were 
given, and in each instance there was a good reaction. 
But the condition of her knee-joints did not improve to 
any great extent, and after the last injection there was 
still fluid in the right knee-joint. This gradually 
disappeared but she could not be regarded as well when 
she left hospital.
Pftma-rkg;- This appeared to be a case where, in spit e 
of the reaction of the body to a foreign protein, the 
infective agent could not be inhibited.
Case L . J.H. Female. Age 44. Admitted 21st April, 1923.
History:- In 1916, she suffered from some disease of the 
left knee-joint. This joint was excised at that time, and 
the leg fixed in the straight position. In March 1922, 
the right knee-joint became gradually swollen and painful, 
and in January, 1923, there was an exacerbation of symptoms 
which persisted until date of admission.
.Condition on Admission:- The left leg is fixed at the 
knee as the result of the operation. There is marked 
general thickening of the periarticular tissues and 
synovial membrane of the right knee-joint. There is 
tenderness on pressure over this swelling, and also over 
the tibia just below the knee,where there is pitting on 
pressure. She suffers considerable pain in this joint 
which is practically fixed in a position of slight flexion. 
X-Ray examination shows no bony changes in the right knee- 
joint.
~ 7 Injections of ordinary typhoid vaccine
were given. As a result, there was considerable general
reaction, but little focal reaction. The thickening of 
the joint persisted,bu*o the pain and tenderness became 
very much less and she was able to walk fairly well.
ACt.er-jy.pr.Y: - 27/2/24. This patient was seen today.
There is still marked enlargement of the synovial membrane 
of the right knee, but it is only slightly painful.
There is not the slightest sign of activity of the 
infective process, and the disability is due solely to 
the Increased synovial membrane.
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Case LI. A.F. Female. Age 50. Admitted 50th April, 1923.
History:- Iilness commenced 18 months ago,with pain and 
swelling of the joints of the fingers, anklesfand wrists*
She received treatment and some improvement was obtained, 
but,during the past two months,the condition has become 
more acute and the pain and stiffness have increased in 
severity.
Condition Admission:- There is thickening and tenderness 
of the inter-phalangeal joints of both hands, and of the 
wrists, ankles,and shoulder joints. She suffers pain in 
these joints and, resulting from this, there is considerable 
limitation of movement. There is present a mitral systolic 
murmur.
Treatment:- 4 Injections of ordinary vaccine in doses of
100, 150, and 200 million organisms were given. The 
patient showed steady improvement; the pain and tenderness 
in her joints disappeared, though the joint thickening 
persisted, and she was discharged on 25/5/23 very much 
improved.
After-History:- March 1924. This patient writes to say 
that she has been able to carry out all her duties since she 
left hospital, but that during the past month she has not 
been so well. She does not give details of her complaint.
Case H i , G.P. Female. Age 52. Admitted 10th March, 1923,
History:- Illness ©ommenced three years ago with pain, 
stiffness,and swelling of the right knee. This gradually 
got worse so that walking was difficult. A year later, 
both elbows became similarly affected, and then both wrists 
and ankles. During the past 7 months she has not been able 
to do her work,and oan walk only with the aid of two sticks.
Condition on Admiaflion-- she is very thin and suffers 
considerable pain in the affected joints. The muscles of 
the limbs are atrophied. The right knee is slightly 
flexed; it is swollen as a result of the thickened synovial 
membrane, and periarticular tissues. Flexion is possible 
from 140° to llCr with the thigh. Th$ left knee is 
Ankylosed (fibrous) at an angle of 160 .
There is limitation of movement of both elbow joints 
which are thickened and sclerosed. Hard fibrous nodules 
are present over both elbows. The wrists are stiff, 
painful, and thickened. The fingers are flexed at the 
met a-carpo/
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meta—carpo— phalangeal joints and carnet be extended.
Treatment:- 4 Injections were given,and each was followed
by considerable reaction. The amount of pain she 
suffered was much dimini shed, but there was no alteration 
in the condition of her joints,
A-ftar History:- Mardh, 1924, This patient writes to 
say that no other joints have become affected, but that 
she is still crippled with pain and stiffness of her 
joints.
gfifla L I U . J.R, Female. Age 20. Admitted 28th June, 1923,
History:- In March 1920, she had an attack of pain, 
stiffness, and swelling of the fingers, wrists, knees,and 
ankles, with elevation of temperature. She was confined 
to bed for 9 months, recovered to some extent,and at the 
end of a year was able to walk about. She kept fairly 
well until about 3 months ago, when she had a fresh 
attack affeoting the left knee,and can now only get 
about with the aid of sticks.
Condition on Admission:- The left wrist is practically 
ankylosed. Flexion and extension of the r*igh& wrist is 
possible only through an angle of 25 , There is thickening 
of these joints and also of the interphalangeal joints 
and both elbows.
The left knee is swollen, painful, and contains free 
fluid. No organisms are found in film or on culture 
from this fluid. There is thickening of the synovial 
membrane,and the range of movement is limited. There is 
wasting of the thigh muscles. No focus of infection 
is discovered.
Treatment:- Four injections of ordinary vaccine were 
given. There was considerable improvement, the fluid 
disappearing from the left knee, all the affected 
joints becoming less painful,and the range of movement 
markedly increased,
AfcLs.r. History;- 4th March, 1924. This patient was seen 
to-day. The wrists are still thickened,but the movement 
of the right wrist is of full range and not associated with 
pain. The finger and elbow— joints are now normal.
There is still thickening .of the left knee-joint but there 
is no tenderness on pressure over the joint. She can now walk several miles.
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Q&na LIV. G.S. Male. Age 49. Admitted 3rd July, 1923.
TT1 storv:* In 1916,while at Salonika,he suffered from
bacillary dysentery* While in hospital,he developed 
"synovitis* in both knees, was sent home, and was 
discharged from the Army in December, 1916, About that 
time his knees and other joints began to get stiff.
In l9i9fhe was treated with "ionisation" and afterwards in 
Strathpeffer* but without improvement. He has never had 
severe pain in his joints. In the winter of 1922-1923 
his £eet became swollen.
Condition on Admission:- He has now no signs of dysentery. 
He cannot fully flex the fingers of both ha^ds, Both 
wrists can move only through an angle of 35 0 The right 
elbow will not extend beyond an angle of 135 with the 
arm, but the left elbow is not involved. There is 
thickening of all these joints.
oBoth knees are kept flexed at about 115 . The left 
knge is completely fixed, and the right only moves through 
15 • There is considerable thickening of the periarticular 
tissues of both knee-joints.
Marked creaking can be elicited on movement of 
all affected joints. He suffers very little pain.
Treatment.!- 3 injections of typhoid vaccine were given 
with considerable reaction but with no clinical improvement, 
and he was discharged.
Remarks:- In this case the infection had died out, and he 
really suffered from the permanent sequelae of the disease.
C.S. Female. Age 55. Admitted 9th July, 1923.
SlslOOJL" In January 1921, she began to suffer from pain 
in the shoulders, handstand feet. The condition gradually 
got Worse, One year ago, both knees began to swell. After 
this,she had her teeth extracted but there was no alteration 
in the joint condition,
-CondltlQXL on Admission;- Both knees are very much 
thickened, painful, and tender. ThiW© is considerable 
limitation of flexion,and patient is unable to walk. Both
?re swo^len painful, as a result of periarticular thickening. The proximal interphalangeal joints are 
similarly affected, and the hands are considerably deformed. 
No focus of infection is discovered. There is present 
generalised panniculitis.
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Treatment:- 5 injections of typhoid vaccine were given,and
she received massage and passive movements. The pain diminished, 
the swelling of the affected joints became less, and she had 
greater freedom of movement. She could walk,but required the 
support of a stick.
After history:- March, 1924. Since discharge from hospital, 
she has had no increase in pain and the disease has not become 
worse or spread to other joints. She is at times, however, very 
stiff as a result of the associated panniculitis and fibrositis. 
This infection appears to have ceased.
Case LVI. h.G. Male. Age 46. Admitted 10th July, 1923.
History:- 15 months before admission,he had pain in the 
right wrist and right elbow. The disease then spread to the 
shoulders and to the joints of his feet. 6 months before 
admission,his teeth were extracted on medical advice, but 
there was no improvement. The affected joints became swollen 
and his movements were hindered.
Condition on AamlsBion:- The patient walks with the aid of 
sticks because of pain in his feet and knees. There is 
slight thickening of the tissues round the knee and ankle- 
joints, and especially of the metatarsophalangeal joints 
which are tender on pressure. Several of the metacarpo­
phalangeal joint3 of both hands are swollen and painful. The
right fore-arm cannot be fully ext ended,and the right arm
cannot be raised above the head. He has fibrositis of the 
muscles of the shoulder girdle.
T r e a t m e n t Three injections of typhoid vaccine were 6iven. 
After each^there was a marked reaction ana this was followed 
by improvement of the joint condition. He received massage 
for the fibrositis of the shoulders and,on 28th July, was 
dismissed "well.*
After History:- March 1924. Since discharge from hospital, 
this patient has remained well.
Case LVII. M.P. Female. Age 47. Admitted 13th July, 1923.
History:- Illness commenced 2 years ago with pain in both 
arms. The fingers became stiff and swollen,and grasping 
movements were painful. The stiffness and pain extended 
to the wrists and then to the ankles and feet. Three months 
before/
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before admission, the knees became affected and afterwards 
the shoulders and hips.
Along with the pain and stiffness there was some swelling 
of the joints,which so affected the feet and ankle joints that 
for 15 months she has been unable to walk.
Condition on Admission:- There is thickening of the metacarpo­
phalangeal and interphalangeal joints and of the wrist joints 
of both hands. She is unable to close her hands completely.
She cannot fully extend her forearms nor can the arms be raised 
above *yie head. The knees, ankles, ana metatarsophalangeal 
joints are all swollen and painful. Movement of these joints 
is limited, ho focus of infection is discovered.
Treatment:- Three injections were given without producing 
much improvement beyond some diminution in the pain of the 
affected joints. She received massage,and after a few weeks 
was able to walk though stiffly.
After History:- March, 1924. This patient writes to say that 
her condition has not altered since her discharge from hospital. 
She cannot be regarded as cured.
Case LVIII. A.F. Female. Age 53. Admitted 30th July, 1923.
History:- Illness of 20 years* duration.
Condition on Admission:- There is marked swelling of the 
inter-phalangeal joints of both hands. There is ulnar 
deflection of the fingers. The wrists show considerable 
thickening ana are completely fixed. The elbows are not 
markedly affected.
The toes are deformed in all directions,and she has had 
one amputated for comfort. There is thickening of the knee 
joints. She has fibrositis of the shoulders and hips.
Treatment:- Three injections were given. After each,there 
w-as marked reaction. There was no apparent change in the 
affected joints, but she felt less pain and stiffness and 
could walk about more easily.
Remarks:- This is the most that was to be expected in such 
a case, where thedisease had lasted for 20 years and had 
caused so much deformity.
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Case LIX. A.McM. Female. Age 32. Admitted 3rd AapgUdt̂ * 1923.
History:- The disease commenced five years ago with pain and 
swelling of both ankles. In turn, the shoulders, knees, and, 
more recently, the hips became affectea. Pain was severe on 
movement, and she was incapacitated completely at intervals.
In 1922 there was some improvement, but in April, 1923, the 
condition increased in severity.
Condition on Admission:- Both ankle joints and those of 
the fingers are swollen and acutely painful* and movement is 
very limited. There is marked tenderness on pressure over the 
metatarsophalangeal joints. The wrists and knees show slight 
thickening of the capsule, and movement is limited. The hips, 
elbows, ana shoulders are not affefeted. There is generalised 
panniculitis, ho focus of infection is found.
Treatment:- Three injections of ordinary typhoid vaccine 
were given, and she was amssaged. There was very marked 
improvement, and though some thickening of the joints remained, 
the pain and tenderness aiminishea and,on discharge,was almost 
gone.
After History*- March, 1924. This patient writes to say that 
she hes been very well since she left hospital and can carry 
out all her duties. She has novr no pain or stiffness in the 
joints which were affected.
Case LX. J.R. Male. Age 52. Admitted 27th August, 1923.
History:- 15 years ago, the patient had an attack of severe 
pain and swelling of his hands, wrists, and feet. He did not 
recover completely, ana,ll years ago,his ankles became affected.
His elbows^and hips were never involved,but,during the past 
3 weeks,his knees became affected and the joints of the fingers 
became swollen and painful.
Condition on Admission:- Both wrists are completely ankylosed. 
There is considerable thickening of the finger joints which 
are painful and tender on pressure. There is fibrositis of 
the deltoid and trapezius region on each side, limiting move­
ments of the shoulders.
The toes of both feet are stiff, swollen, painful, and 
tender and there is slight thickening of the periarticular tissues 
of both knees which are tender on pressure.
Treatment /
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Treatment:- Three injections of typhoid vaccine were given.
In each case,there was a marked reaction, the temperature 
in one instance rising to 104°.6 0. The pain, stiffness, and 
swelling in the affected joints disappeared and,though his 
wrists were ankylosed,he was able to move about quite freely 
and to use his hands. He was discharged on September 14,
After History:- 25/2/24. This patient was seen to-day. He 
can walk quite freely and has been at business every day since 
he left hospital. Both wrists are fixed. He states that, in 
cold wet weather,he feels some aching in the joints of his 
fingers and toes, but that otherwise he suffers no inconvenience.
Case LXI- W.R, Male. Age 49, Admitted 11th Jiuay,. 1923,
History:- Illness began in 1920 when his fingers became 
painful, stiff, and swollen at the inter-phalangeal and 
metacarpo-phalangeal joints. Since that time,the swelling 
has persisted. In May, 1922, there was an exacerbation of 
the disease and nearly all the joints of the body became 
stiff and painful. The pain ceased in all joints except 
those of the fingers, wrists, and big toes. In December,
1922, the right knee became swollen and painful, and since 
then he had been confined to bed. In April, 1923, the right 
elbow and then the left elbow became painful and swollen.
Condition ftp, Afljniasiofl!- Both elbows show marked thickening 
of the synovial membrane. In each case there is contracture of 
the biceps muscle so that the arms cannot be completely straight­
ened. Movements of pronation and supination are limited. Both 
wrists are swollen, tender, and stiff. There is marked thick­
ening of the metacarpophalangeal and proximal interphalangeal 
joints and he cannot close his fingers completely.
There is marked thickening of the synovial membrane of 
the right knee with a small excess of synovial fluid in the 
joint. It can be extended complete!! y^ but cannot be flexed 
through more than 120° •
■Treatment:- Seven injections of ordinary typhoid vaccine were 
given. Although he reacted very well, there was little or no 
improvement in the joint condition .and he was discharged in 
statu quo -
CAse LXII- J,T. Female. Age 41, Admitted 25th September, 1923,
History:- Four years ago,the patient experienced pain in the 
finger joints and in the balls of the toes. At this time the 
swelling was slight. In slow progression the wrists, elbows, 
and/
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and shoulders became involved. The knees were then slightly 
affected,but,during the past two months,there has been an 
exacerbation of symptoms, and she has pain in her jaw on 
eating and talking.
Condition nn Admission:- She is well nourished and looks 
healthy. The little finger of each hand is partly flexed 
and fixed. The 2nd and 3rd metacarpophalangeal joints of 
the right hand are swollei&nd tender. There is thickening 
of both wrists and limitation of dorsiflexion. The elbows 
are slightly thickened,and the movements of the shoulder 
joints are limited by fibrositis in the deltoid and trapezius 
regions* She has generalised panniculitis.
The knees and ankles show thickening of the synovial 
membranes and periarticular tissues,are tender on pressure, 
and movement is limited. She has difficulty in walking and 
in rising up and sitting down.
Treatment:- Four injections were given and she was massaged, 
Slje showed considerable improvement. On her discharge from 
hospital,the arms could be raised completely above her head, 
the finger joints were normal, and the wrists were not painful 
or tender. The knee joints and ankle joints were normal.
There was slight ^tenderness on pressure over the metatarso­
phalangeal joints of both feet. She still had fibrositis and 
panniculitis in various parts of the body, and was advised to 
continued massage.
After History:- March, 1924. This patient writes to say that 
she can now walk quite freely. She complains of pain in her 
shoulders and neck - due to the panniculitis from which she 
suffers.
.Case LXlIIt A.S, Female. Age i51, Admitted 15th October, 1923.
■History:- Three years ago,both elbow joints became painful 
and swollen, and later they became stiff. Then the knees, 
wrists,and fingers were affected but not to the same extent.
Two years ago,the knees became very much more swollen and 
painful and the left ankle was affected. She was confined to 
bed from January until May, 1922, Since then, she has been 
able to walk only with great difficulty with the help of sticks.
Condition on Admission:- Patient is stout and looks healthy. 
Both knee joints are much swollen and movement is limited.
The same periarticular thickening is present in the left ankle 
and in both elbows, and the, movement of these joints is markedly 
limited. She has generalised panniculitis and fibrositis of 
the shoulder region,which limits movement of these joints The 
temperature is elevated. No focus of infection is discovered.
Treatment/
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Treatment:- Six injections of typhoid vaccine were given, 
cind she was massaged. After the third injection, tne 
temperature became norma l . She showed considerable improve­
ment and-on discharge,could walk without the aid of sticxs.
The movements of both knees and of both elbows were 
practically complete,md the left ankle was normal. There 
was still present panniculitis, but not so marked as on 
admission*
After History:- March, 1924, The patient writes to say 
she can still walk without sticks. No other joints have 
became affected, but she says that her back is still sore 
and st iff.
Case LXIV. R.D, Male, Age 21, Admitted 19th October, 1923.
tti fltnrvi- Three years before admission,his back was stiff 
in the morning, but this stiffness passed off during the day. 
Later on,he developed pain in his hips, and two years ago 
the left knee became stiff and painful and occasionally 
swelled up, l£ years ago,his shoulders were affected in 
the same way.
Condition on Admission:- There is marked limitation of 
movement of the vertebral column and consequently he cannot 
stoop to pick up anything from the floor. He cannot sit 
up in bed unless the legs are allowed to hang over the side. 
There is slight scoliosis, with the convexity to the right, 
in the lower dorsal and upper lumbar regions. X-Ray examlnatio 
shows no bony changes in the vertebral column. The left knee 
is tender on pressure and soma fibrous tissue creaking is 
present. There is stiffness and pain on moving the shoulder 
joints, Fibrositis is present in the fascia lata of each 
thigh and at the attachment of the adductor muscles to the 
pubic bone. No focus of Infection is discovered.
£reA.tiqeflfr: — Five injections of ordinary typhoid vaccine 
were given,and each was followed by a marked reaction. He 
was treated with massage and exercises, and on discharge he 
could walk freely without the aid of a stick, and indeed 
could run. The range of movements of the spine haul increased 
markedly. He could bend down and touch the floor if he was 
allowed to bend his knees a little. His knees were normal 
and his general health was good.
Sjatory:- March 1924, This patient writes to say 
that he keeps well, has dispensed with his walking stick and 
2?"^ slight difficulty in stooping to pick up objects from the floor. The infective process has ceased.
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R.S. Male. Age 34. Admitted 12th November, 1923
th Htnrv;* During the past year his fingers and wrists 
have become gradually swollen, stiff, and slightly 
painful. Otherwise he has been in perfect health.
Condition on Admission;- The proximal interphalangeal 
joint of the middle finger of the left hand is very much 
swollen, and elastic in consistence. It is tender on 
pressure and there is pain on complete flexion.
Both wrists are thickened and tender, and the 
proximal interphalangeal joints of the little finger 
and ind*x finger of the right hand are affected in the 
same way.
Treatment:- Four injections of ordinary typhoid vaccine 
were glven>and each was followed by a definite reaction.
In this case,there was produced very little improvement 
in the affected joints which remained swollen and stiff.
After Hlatorvs- March, 1924. This patient writes to 
say that the condition has spread to his left knee and 
ankle.
Casa LXVI. C.L, Female. Age 26, Admitted 5th Sept., 1923
History:- Several days before admission,this patient had 
acute pain in her wrists and knees. This continued,and 
she was sent into hospital as a case of acute rheumatism.
Condition, on Admission:— There is swelling and tenderness 
of both wrists, the right ankle, and both knees. The 
temperature is elevated.
Treatment;- She was given 20 grs. of sodium salicylate 
every four hours, and in 48 hours the temperature came 
down to normal and the joint symptoms cleared up. During 
the next five weeks, whenever any attempt was made to 
diminish the amount of salicylate, the temperature rose 
and the joint manifestations returned. In was therefore 
decided to try the effect of protein shock therapy.
Three injections ojp ordinary typhoid vaccine were given, 
each followed by considerable reaction. The temperature 
came down to normal, and the joint condition cleared up.She was discharged well.
flttJMT. giatpry:- 13th March, 1924. This patient was seen to-day. She is well.
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TjrVTT. I.D, Female. Age 38. Admitted 22nd Oct., 1923.
Hlstorv:- I13.ness commenced £hree months ago,with aching 
and stiffness in the knees, ankles, and feet. Shortly after­
w a r d s ,  several of the joints of the fingers became swollen, 
painful, and so stiff that she was unable to close her hands 
completely, and consequently was prevented from working.
Condition on Admission:- There is marked thickening of the 
periarticular tissues of the metacarpophalangeal joints of 
the fore-finger and middle finger of the left hand. The 
joints of the left little finger are not swollen,but she 
complains of pain all along the finger.
The distal interphalangeal joint of the right thumb is 
markedly thickened, tender to touch, and the patient can 
hardly move it.
There is some thickening and tenderness of the kneep, 
anklep,and metatarsophalangeal joints.
There is marked panniculitis of the legs, thighs, and 
abdomen.
Treatment:- Five injections of ordinary typhoid vaccine were 
given intravenously. Each injection was followed by a 
definite reaction and considerable improvement followed. The 
following was her condition on discharge from hospital.
"The knees, ankles, and feet are now normal, and she can walk 
easily. There is still some panniculitis of the legs and 
thighs. Both hands can be closed easily and completely, and 
the thickening of the finger-joints is much less than on 
admission. These joints are still a little tender on hard 
pressure, and the patient still complains of stiffness in 
the movements of the left little finger."
After History;- March, 1924. "Improvement maintained. The 
disease has not affected any other joint,"
3D. Male. Age 47. Admitted 13th November, 1923.
2iLs£jQJO£«™ August, 1921, the patient experienced pain, 
gnawing in character at the 3rd metatarsophalangeal joint of 
the left foot, and over the left wklML bpne, Shortly after­
ward®,there appeared swelling over the A i n ,  on the dorsum 
the foot, and behind the left ankle. He could not wear 
boots, and the pain and swelling became worse when he walked 
On account of the swelling and pain over the tibia,a diagnosis 
of syphilitic periostitis was made, and, in spite of the fact that/
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that his blood was negative to Wassermann* s test, he received energetic antispecific treatment, but without Improvement *
In May, 1922, a portion of the tibia was gouged out 
for histological examination. It showed merely ill-defined 
chronic inflammatory changes.
Since then his condition has become worse.
Condition nn Admission:- He walks with the aid of a stick.
The left leg, especially on the anterior aspect, is swollen, 
very tender, and painful. The dorsum of the foot is swollen 
and painful, and there is marked tenderness on pressure over 
the metatarsophalangeal joints. He describes the pain as 
burning in character. There is slight oedema over the 
anterior aspect of the leg and the dorsum of foot. The left 
foot sweats profusely. There is thickening of the capsular 
ligaments of the ankle and toe joints.
Treatment:- Seven injections of ordinary vaccine were given, 
and each was followed by considerable reaction. The oedema 
disappeared gradually and the tenderness diminished consider­
ably, but slight pain persisted. On discharge from ho spit al, 
no swelling or tenderness was present, and he could walk 
much more easily, but he still complained of pain in the 
anterior aspect of the leg.
After History:- March, 1924, This patient was seen to-day.
The improvement has been maintained, but he states that he 
has still pain when he walks.
Case LXIX. E.T. Female, Age 52, Admitted 20th November, 1923,
History:- Four years ago,she felt slight pain and stiffness 
in both knees on getting out of bed in the morning. Shortly 
afterwards,these joints became swollen, and since then they 
have become gradually worse, though at times they were less 
painful and more supple. In July, 1923, there was fluid 
in both knee joints and,on six occasions,they had been tapped. 
The only other joint affected was the right elbow.
Condition on Admission:- There is considerable thickening 
of the periarticular tissues and synovial membranes of both 
knee joints. The tissues have a coarse fibrous feel, and are 
very tender on pressure. There is fluid present in both 
joints. No organisms are found in film or on culture from 
this fluid. The leg's cannot be fully flexed at the knees.
The periarticular tissues of the right elbow joint are 
thickened and tender. There is some contracture of the 
biceps muscle. No focus of infection is discovered.
Treatment/
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Treatment:~ Six injections of typhoid vaccine were given.
After the second injection,tne knees became more swollen, 
but,following the third dose,the swelling receded and 
movement of the joints improved. On discharge, there was 
still thickening of the synovial membrane of the knee 
joints,but the swelling was much less than on admission 
and she could walk very well. She suffered no pain.
A f t f  Tjjstory!- March, 1924. The patient writes to say 
that, since discharge from hospital, she has remained in 
good health and is able to carry on her ordinary duties.
No other joints have become affected but she still feels 
stiff when getting up in the morning.
Case LXX. J.G. Female, Age 45. Admitted 19th January, 1924.
Historvs— Illness began in January, 1923, with pain in 
left elbow joint. A week afterwards,the left shoulder was 
affected and the condition than spread to the finger joints 4
which became painful and swollen. In May, 1923, the right 
knee became affected, and since then the disease has spread 
'to the ankles and toes.
Condition on Admissions- She is well nourished and looks 1
in good health. No focus of infection is discovered. The 
proximal interphalangeal joints of the middle, index, and ;
little fingers of both hands are fusiform, due to increase j
in the periarticular tissues. These joints are painful i
and tender. There is slight thickening of the tissues
round both elbow joints. The right knee is very much
thickened and painful. It contains excess of •jBCTifcl 
fluid. Both ankle joints are swolledaad painful, the left 
being worse than the right. There is slight thickening 
of the metatarsophalangeal joints of some of the toes of 
both feet and these are tender on pressure.
T r e a t m e n t Two injections of 100 and 125 million organisms 
were given. After each,there was considerable reaction,and 
this was followed by marked improvement in the condition of 
the joints. Four days after the second injection,«B® developed 
a small boil on the right arm and,after the 3rd injection of 
150 million organisms,there developed a spreading cellulitis 
with this boil as centre. This subsided under appropriate 
treatment, and she was given a final dose of 200 million organisms. 
On discharge, she could move all the joints of her body without 
pain. She could walk very well, but there was still some 
thickening of the periarticular tissues of the right knee.
Remarks:- This case is of interest in that a small septic focus 
became very acute after the injection of a foreign protein. The 
focus,however,bore no causal relationship to the disease of the 
jo int s .
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A STUDY ON IONIC MEDICATION,
--------0 Oo--------
in the course of the investigation discussed in
the first part of this thesis, it was found necessary 
to test the efficacy of a form of therapy known as 
iontophoresis, ionization, or ionic medication. The 
fcasic idea underlying this special therapeutical measure 
is, that drugs in their ionic state are driven through 
the skin or a mucuus membrane by means of an electric 
current, and exert their effect on the underlying tissues. 
In the treatment of rheumatoid arthritis, a few writers 
have claimed that they have been able to obtain complete 
cure in this way. Others, recognising that the disease 
is the result of a general infection, and therefore not 
likely to be cured by local treatment, have stated that, 
by ionic medication, they were able to remove the 
hickened fibrous tissue of the affected joints, and to 
dispel the associated fibrositis and neuritis in other 
parts of the boay. They have even claimed that a joint 
which has become ankylosea can recover its mobility rapidly 
and completely, if treated in this way. It appeared to 
me, therefore, to be of great practical importance to put 
this form of treatment to the test of actual practice, 
for, if the claims maae for it could be substantiated, 
the/
the solution of the orthopaedic problems of rheumatoid 
arthritis, which ordinarily present great difficulty, 
would become comparatively simple.
The method employed was as follows. The current 
was obtained from the ordinary electric-lighting mains, 
and, to lower the voltage and regulate the current so 
that it could be used with safety to the patient, there 
was inserted in the circuit a shunt resistance. In this 
way the current could be raised or lowered very gradually 
and evenly. A mi H i  amperemeter v/as placed in the same 
circuit as the patient to measure the current actually 
passing. Flexible zinc electrodes of different sizes 
(8"* 5* and 5*x 3") were used, and between these electrodes 
and the patients skin, were placed pads consisting of 
Bixteen layers of lint. These pads were soaked in 
solutions of various electrolytes, and thus served as 
reservoirs from which the ions were to be driven through 
the skin. In order to increase the concentration of the 
current at, and limit it to, the affected part, the smaller 
electrode was used in this region. The other, or indifferent 
electrode was placed at some convenient part of the body, 
and here the larger of the electrodes was used to reduce 
the concentration of the current by diffusing it over 
a wider area. The pad under the indifferent electrode 
was/
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was soaked in a normal saline solution, while the pad 
under the electrode covering the affected part was soaked 
in a 2% solution of sodium salicylate or potassium iodide, 
which are the two drugs most extensively employed in the 
treatment of medical conditions by ionization. The 
latter pole was made the negative pole, so that, when 
the current passed, the salicylic or iodine ions, being 
anions, would move to the positive pole and therefore into 
the skin. As a general rule, currents up to 100 milliam- 
peres for 50 to 45 minutes were employed. In a few cases, 
a current of 200 milliamperes was reached during the last 
ten minutes of a thirty minute period of treatment.
In this way fifteen cases were treated, some with 
the iodine ion, others with the salicylic ion, but 
generally with both at different times. Treatment was 
repeated frequently,as soon as the effects of the irritation 
of the skin following each application had passed off.
Cases of fibrositis of the lumbar and other regions, and 
cases of sciatica,were treated in a similar fashion. The 
results can be briefly summarised. In no case was cure 
obtained. I failed completely to observe the so-called 
"lytic" effect on the pathological fibrous tissue under­
neath the skin. The fibrous thickenings did not appear 
to be affected in any way, and, in consequence, there 
was /
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was no increase in mobility of joints which were 
ankylosed. The only benefit which was observed to 
accrue to the patient was a temporary relief of pain.
This persisted for several hours after the process of 
ionization, but in every case the pain returned, though 
in a few cases not to the same extent. The diminution 
of pain coula in no way be ascribed to the introduction 
of the iodine or salicylic ions, for, when the current 
was reversed and therefore no iodine or salicylic ions 
were being introduced, the same relief followed. Similarly 
when a pad soaked in a solution of sodium chloride was 
used over the affected part, exactly the same result was 
obtained.
The failure to obtain the beneficial results 
reported by other observers led me to examine closely 
the theory of ionic medication. I found, on perusing 
the literature of the subject, that the theory was based 
on the results of a few experiments on animals, and that, 
though much work had been done bn the practical application 
of this theory in the treatment of disease, there existed 
no exact records of experiments on human beings, which 
had any direct bearing on the theory itself. I decided, 
therefore, to make a number of experiments which will be 
described later, and I propose in this part of the thesis 
to/
to use these experiments and my clinical observations 
as the basis for a critical examination of the whole 
subject.
The initial difficulty is the exact meaning of the 
term "ionic medication." According to those who speak 
with authority on the subject, the term embraces (1) the 
introduction of drugs into the body through the skin or 
a mucous surface, by means of an electric current, and (2) 
the modification of the chemical composition of parts of 
the body, by the setting up of chemical-changes throughout 
the t i s s u e s . I f  the second part of the definition 
means that the chemical composition of the tissues is 
modified by the urugs introduced, then it is understandable. 
If, however, as is generally held, it means that this 
modification is the result of the passage of an electric 
current through the body, without any reference to the 
drug introduced, it is very difficult to see how the 
process can be termed "medication." It is obvious, in 
any case, that the two parts of the definition involve 
quite different conceptions, and will require to be 
considered separately.
The first question therefore which has to be 
considered is: Can drugs be introduced through the skin
by means of an electric current? The answer to that 
question/
question is undoubtedly in the affirmative. The
original experiments of Leduo showed that it was
possible to introduce, in this way, strychnine ions
(2)through the skin of a rabbit. Pinzi proved that 
the ferri-cyanide icn could be carried through the skin 
of a monkey. 1 Inchley repeated these experiments on 
cats, rabbits, and guinea pigs, and showed further that 
it was possible to introduce electrically a number of
(4 )other alkaloids, some metals, ana certain negative ions.
In the case of the human subject there are, as has been 
indicated, no exact records of experiments, though a 
number of writers have mentioned that it is possible to 
prove thw p.enetration of the iodine ion. In my experiments 
I have been able to confirm this, and furtheij I have been 
able to demonstrate quite conclusively the presence in 
the body of another anion, the salicylic ion, and of two 
kations, pilocarpine and atropine, after they have been 
carried through the human skin by a current of electricity.
The question then arises: Has the ion thus introduced 
into the body any special pharmacological action in virtue 
of the manner of its introduction? If we are to believe 
the ionic theory of the action of drugs - namely, that 
soluble salts exist in the body mainly as ions, and that 
each ion possesses an independent pharmacological action - 
then we must believe that the method of administration will 
make /
make no difference to its intrinsic action. That this 
is so, has been shown by the experiments on animals by 
Leduc and Inchley, The strychnine ion Introduced 
electrically exhibited its ordinary action on the spinal 
cord and caused convulsions, while the atropine ion 
exhibited its ordinary action in producing paralysis 
of the cranial autonomic nerves. In the case of man, 
it can be shown very clearly by using a solution of 
pilocarpine nitrate under the positive pole. After 
the current has passed for some time, the individual 
under experiment exhibits salivation, sweating, and 
disturbance of vision - in other words, the ordinary 
signs of the action of the pilocarpine ion Introduced 
in any other way. It may teeem that I elaborate this 
point somewhat unnecessarily, but the suggestion has 
frequently been made, or at any rate implied, that, when 
an ion is introduced through the skin by means of an 
electric current, it is thereby endowed with some peculiar 
properties. That this is not so, is obvious. The essential 
pharmacological action of any particular ion is the same 
whether it be passed through the skin into the body by 
inunction, a hypodermic needle, or an electric current.
If that be so, the critic will very naturally ask: 
Wherein lies the particular merit of this method of 
introducing drugs into the body? The technique is 
expensive/
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expensive, complicated, end wasteful of valuable drugs, 
compared at anyrate with the hypodermic needle or inunction. 
What advantages does it possess to compensate for these 
very obvious drawbacks? The answer is given that "in
treatment by ionization a cloud of ions is introduced
(5)into the place where the disease exists;" that the 
ions are limited to the diseased region, and that there­
fore the local concentration is high. As a result, the 
action is more intense, ana the effect consequently 
greater.
In order to examine these statements we must enquire:
(a) what quantity of arug can be passed through the human 
skin by means of the electric currents used for thera­
peutic purposes? (b) What evidence is there of a local 
concentration of the drug after it has passed through 
the skin? (c) How deeply can the drug be made to penetrate 
in this way?
I investigated the first question with special reference 
to the ioaine and salicylic ions, which, as has been 
indicated, are the tw,o remedies most extensively 
employed in tne treatment of medical conditions by 
ionization. The method adopted was that already 
described - a 2/ solution of potassium iodide or sodium 
salicylate being used to soak the pads under the negative 
electrode. The process was continued for a period of 
thirty/
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thirty to iorty minutes with currents ranging from
25 to 200 milliamperes, and the urine was collected
for analysis during the twenty-four hours following
(6)the experiment. Kendall’s method was employed to
estimate the amount of iodine present in the urine,
and the amount of salicyl bodies was estimated by
(7)the method described by Thoburo and Hairzlik . The 
following table gives the results when potassium iodide 
was usea.
Current in milliamperes 25 50 100 200
Milligrams of iodine in 
24 hours’ urine. 50 55 96 146
It must be pointed out that it is not possible 
to raise the current all at once to the amperage 
indicatea, For the comfort of the patient that has 
to be acne gradually, and accordingly the currents noted 
in the table were not acting during the whole period 
of the experiment. The rapidity with vrtilch the current 
could be raised varied with different individuals, but 
the quantities of iodine given in the table were the 
maximum found for each particular current.
In the case of the current of 200 ma. the duration
of/
of the experiment was 40 minutes, the current being 
raisea from 100 to 200 ma. during the last thirty 
minutes of the period. The duration in the other 
cases was thirty minutes.
The following pages contain the protocols of 
the experiments.
Experiment 6.
Subject: D.C. Electrodes 8**5*.
Positive Electrode on posterior aspect of 
left thigh. Pad under electrode soaked 
in normal saline solution.
Negative Electrode on posterior aspect of 
right thigh. Pad under electrode soaked, 
in 2/ solution of potassium iodide.
Time. Current.
4.10 p.m 0 milliamperes.
4.11 p.m. • • • • • • • • . 1 0  do.
4.12 p.m..............• • • • 2 0  do.
4.15 p.m...................... 25 do.
4.51 p.m • • • • • 2 5  do.
Current stopped.
Slight reddening of the skin underneath the electrodes. 
Total amount of iodine in 24 hours urine = 50 milligrams.
Experiment 10.
Subject: J.T. Electrodes 8"* 5".
Positive Electrode on posterior aspect of left thigh.
Pad under electrode soaked in normal saline solution. 
’Negative Electrode on posterior aspect of right thigh. 
Pad unaer electrode soakea in 2# solution of potassium 
iodide.
Time. Current. Remarks.
3.28 p.m. . . . .  0 milliamperes.
3.29 p.m............ 15 do. Collection of Salivabegun.
3.30 p.m............ 30 do.
3.31 p.m............ 50 do.
3.44 p.m............50 do. Collection of saliva
ended.
4. p.m. . . . .  50 uo.
Current gradually reduced. There is distinct 
reddening of the skin underneath the electrodes.
Saliva tested for presence of iodine by the following method 
To 5 c.c. of saliva is addea 5 drops of a 1% solution of 
sodium nitrite and a few drops of concentrated sulphuric 
acid. The iodine liberated, vhen extracted with 
chloroform, gives a beautiful pink colour.
Result of test - very faint pink colour.
Total amount of iodine in 24 hours urine - D4.98 milli­
grams.
Experiment 13.
Subject: J.T. Electrodes 8"x 5".
Positive Electroae on posterior aspect of left thigh.
Pad under electrode soaked in normal saline solution. 
Negative Electrcae on posterior aspect of right thigh. 
Pad under electrode soakea in '6% solution of 
potassium iodide.
Time. Current. Remarks.
11.25 a.m 0 milliamperes




11.29 a.m. . . . . .  50 do.
11.50 a.m..............80 do.
11.51 a.m .100 do.
11.40 a.m.............100 do. First Collection of
saliva stopped.
11.56 a.m.............100 do. Second Collection of
saliva stopped.
Current gradually reduced to zero.
There is marked reddening of the skin under the
electrodes.
1st Specimen of Saliva tested for iodine...Positive(faint). 
2nd Specimen of Saliva tested for iodine...Positive(distint 
Urine passed at 12.15 p.m.tested for iodine..Positive “




Subject: D.B. Electrodes 8* *5".
Positive Electrode on lumbar region. Pad under
electrode soaked in normal saline solution.
Negative Electrode on posterior aspect of left thigh.
Pad under electrode soaked in 2/ solution of
potassium iodide.
Time. Current. Remarks.
4. 10 p.m............  0 milliamperes
4.11 p.m. . . . . .  10 do. First collection of
saliva begun.
4.12 p.m.......... 20 do.
4.15 p.m. • • • • • 50 do.
4.15 p.m.......... 40 do.
4.16 p.m. • • • • • 60 ao.
4.19 p.m.......... 80 do.
4.20 p.m..........100 do.
4.20 p.m. • • • • • 120 do.
4.25 p.m......... 150 do.
4.27 p.m..........140 do. First collection of
saliva stopped.
4.29 p.m......... 150 do. Second collection
of saliva begun.
4.50 p.m. • • • • • 160 do.
4.32 p . m . ....... 180 do.
4.34 p.m......... 190 do. Irritation under neg­
ative electrode 
greater than positive 
electrode.
4.38 p.m......... 200 do.
4.51 p.m......... 200 do. Second collectionof saliva stopped.
Current gradually reduced. There is marked reddening 
of the skin, particularly underneath the negative electrode. 
1st specimen of saliva tested for iodine - Positive(faint)
2nd specimen of saliva tested for iodine - Posit ive (distlicQ
Urine passed at 5 p.m. tested for iodine - Positive.
Total amount of iodine in 24 hours1 urine - 146 milligrams.
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It Is known that from 60 to 80 per cent or more of
the amount of iodine taken into the body by any channel, 
is excreted in the urine in 24 hours. From the figures 
given it is possible to estimate approximately the amount
i
of the iodine ion which entered the body. Taking even the 
lowest percentage, the maximum amount of iodine which was 
introduced into the boay by each current was 50, 92, 160 
and 243 milligrams respectively. In other words, it will 
be seen that, with the ordinary currents used in therapeutiss, 
and for the ordinary duration of treatment, the total amount 
of iodine introduced was net greater th-n 0.77 grain, 1.4 
grains, and 2.46 grains. Even with the huge current of 
200 milliamperes the amount was only 3.74 grains. It is 
probable that in each case it was very much less.
When sodium salicylate was used, the amount of salicyl 
bodies excreted in the urine, after the employment of 
ordinary currents, was so small that it could not be estimated 
with any degree of accuracy. Using a current rising to 170 
milliamperes during a thirty minute period, the total amoulrt 
of salicyl bodies found in the urine was only 9 milligrams.
It is of interest to note that this result coincides with
(4)that of Inchley, using a cat as the subject of experiment.
He found only very small amounts of salicyl bodies in the j 
urine, and comments on the fact that the salicylic ion is not 
carried through the 3kin to the extent that enthusiastic 
writers on the subject would lead one to suppose.
158.
Objection may be taken to this process of reasoning, 
for it may be argued that the amount of any ion excreted
in the urine gives no true indication of the quantity 
passed through the skin. The objection has really very 
little weight, but it can easily be overcome by consider­
ing the results when pilocarpine nitrate and atropine 




Positive Electrode 3"x.21 on left thigh. Pad soaked in 
1% solution of pilocarpine nitrate.
Negative Electrode 5” a  3" on right thigh. Pad soaked 
in normal saline solution.
Time. Current. Remarks.
3.3a p.m. . . .  1 milliampere
3.35 p.m. . . .12 milliamperes
3.37 p.m. . . .15 do.
3.58 p.m. . . .545 do.
3.39 p.m. . . .33 do.
3.41 p.m. . . .38 do.
3.43 p.m. . • .42 ao.
3.45 p.m. . . .43 do. Slight salivation.
o.47 p.m. . . .#6 do. Feeling of increasedwarmth.3.48 p.m. . • .46 do. Sweating begins.
3.50 p.m. . . .47 do. Salivatlog^^.J$^£ting
3.52. p.m . • .48 ao. Salivation & sweatingdistinct.
3.54 p.m. . . .50 do. Salivation & sweating
distinct.
Current stopped. Marked reddening of the skin under electrodes.
3.55 p.m. - Far vision slightly blurred -
3.58 p.m. - More blurring of far vision.
5.50 p.m. - Salivation and sweating practically ceased. 




Positive electrode 5"x 2" on anterior aspect of right fore­
arm. Pad soaked in \f solution of atropine sulphate.
Negative electrode 5"* 3" on anterior aspect of left fore­
arm. Pad soaked in normal saline solution.
Time. Current. Remarks.
4.12 p.m.............1 milliampere Pulse 78 per minute.
4.15 p.m. . . . . . .  3 milliamperes
4.10 p.m 5 *
4.20 p.m.............5 “ Flushing of face. Pulse
80 per minute.
4.30 p . m . .......... 5 * Flushing of face. Pulse
92 per minute.
4.35 p.m. . . . . .  5 * Dryness of mouth. Pulse
126 per minute.
4.36 p.m............. 5 * Feeling of fulness in
head. Pulse 135 per 
minute and of low 
tension.
4.42 p.m.............5 " Dist*nbance of near
vision. Mouth very 
dry. Pulse 140 per 
minut e.
Current stopped. Skin under electrodes very red 
and tender.
4.44 p.m. . . . .  Pulse 126.
5. • ............Pulse 120. Very marked dryness of mouth
and throat. Pupils dilated 
and glancing. Eyes cannot 
accommodate for near vision.
At 12 noon the next day*« Vision for near objects still
affected slightly.
Four days after this experiment the skin which 
had been under the positive electrode was still red, 
and showed a tendency to peel.
From these experiments it will be seen that, with 
pilocarpine nitrate, using a current rising to 60 
milliamperes over a period of twenty minutes, there 
was produced in the subject of the experiment saliva­
tion, sweating, and slight disturbance of vision.
All these effects could be produced on the subjeot, 
and to a slightly greater degree, by injecting l/5th 
grain of pilocarpine nitrate hypodermically. In the 
case of atropine sulphate,it was not considered 
advisable to use large currents because of the 
poisonous effects of very small quantities of that 
drug. But, using a current of 5 millfcmperea for 
thirty minutes resulted in sufficient atropine being 
introduced to produce a rapid pulse faO per minute), 
marked dryness of the mouth and throat, wide dilatation 
of the pupijft, and paralysis of accqjuodation lasting 
for BO hours. All these symptoms and signs could 
be produced on the same subject by injecting 
hypodermically 1/3Oth of a grain of atropine sulphate. 
In these experiments, the amount of the drug introduced 
into the body was estimated, not from the quantity 
exoreted, but by its physiological action, and in 
each case it will be observed that this amount was 
small. It will be noted, further* that the action
of these drugs, when administered electrically, differs 
in no way from their action when given hypodermically. 
While the salient feature of the experiments 
described is that the amount of drug introduced is 
very small, there is another feature which is of 
considerable importance, and which bears on the question 
of local concentration. It will be seen that, in 
"ionizing11 a patient with potassium iodide, it was 
possible to demonstrate iodine in the saliva oolleoted 
during the first fifteen minutes of the period of 
treatment. Again, in the case of pilocarpine nitrate, 
salivation made its appearance twelve minutes after the 
current was started; practically the same time as after 
slow hypodermic injection of the drug. Similarly, the 
effect of atropine was noticed eight minutes after the 
commencement of the experiment. Where, then, is the 
evidence of local concentration? It must be quite 
obvious that, as soon as the ion is carried through the 
skin, it is whisked off in the blood stream, and that 
therefore no local concentration ever takes place. 
Otherwise, how is it possible to explain its appearance 
so quiokly in parts of the body so far removed from the 
seat of entry, and in such amounts as to produce its 
physiological action on these parts?
The/
The next question to consider is the depth of 
penetration of the ions. In man* it is difficult to 
produce any experimental evidence to bear on this 
question, but the discussion in the previous paragraph 
throws some light upon it. If the ions introduced 
through the skin appear so rapidly in distant parts 
of the body, it must be obvious that they are set 
free from their function of carrying the electric 
current as soon as they pass through the skin. That 
they penetrate deeply is therefore unlikely. It 
should be noted further that, until it passes the 
barrier of the skin, the current can be conveyed only 
by the ions of the solutions underneath the electrodes. 
But, as soon as this barrier is passed, the current 
will be carried by the enormously greater numbers of 
the ions of the body fluids, and the relatively much 
smaller number of ions introduced will be relieved of 
their task. That fact renders even more unlikely 
deep penetration of the foreign ions introduced. In 
most of the text-books on ionic medication, several 
experiments are related to prove that ions penetrate 
deeply. These experiments are, however, useless for 
this purpose. They only show that it is possible for 
considerable penetration to take place in dead or 
isolated/
isolated tissue and in parchment. In the living body
there is quite a different state of affairs.
In the few cases where attempts have been made to
show deep penetration of ions in man, they have signally
failed, Finzi claimed that he had been able to obtain
penetration of the ferri-cyamide ion into the knee-joint (3)
of a monkey. Grave doubt has to be cast on this
experiment, because of the possibility of the Berri-cyanide 
ion found in the joint being carried there by diffusion 
after the animal was killed. Finally, Inohley, 
repeating this experiment on a rabbit, found that there 
was no deeper penetration into the joint than could be 
obtained by simple ^jyection of the drug under the skin 
covering the joint, Tfce whole weight of experimental
evidence goes to show that the penetration of ions is not 
deeper than the subcutaneous tissue.
It would appear, therefore, that the following 
statements are true:
(1) The amount of any drug introduced in an ionic stateinto the body by currents which can be usedtherapeutically, is very small,
(2) The drug, as soon as it Is carried through the skin,
is swept away in the blood stream and produces its
specific effect on the system generally. There is 
therefore no local concentration,
(3) There is no evidence of deep penetration. On thecontrary, in animals the experimental evidence is 
all against the drug penetrating further than the 
subcutaneous tissue. In man,it seems to be quite 
clear that a similar state of affairs exists.
We have now to examine the second part of the 
definition - namely, that* in the process of ionisation, 
chemical changes are set up in the tissues, and that 
the resulting modification of the •hemioal composition 
of the body produces a therapeutical effect. That 
statement, as will be obvious, has really nothing to 
do with medication, but is a claim for the aotion of 
a constant current of electricity. An example of 
this is the claim that there is a "lytic" action 
underneath the negative electrode, and that this "lytic"
true that, when an electric current is passing through 
the body fluids, there will be movement of anions towards 
the positive pole and of kations towards the negative 
pole. But it does not follow that any chemical 
changes are set up in the tissues between the poles, 
Faraday demonstrated long ago that, when a current is 
passed through a solution of an electrolyte, no apparent 
change occurs in the fluid, and that chemical changes 
take place only J&. electrodes. The truth of this 
can be shown beautifully by the following experiment.
action affect8 principally 
bands of lowly organised tissue. It is quite
- A" B
A and B are conical flasks connected by a piece
of glass tubing* C* A* B, and C, are filled with a
solution of potassium iodide and into A is put the
negative electrode and into B the positive electrode*
When the electric current flows through the solution,
the iodine ions begin to move towards the positive
pole and the potassium ions to the negative pole*
When the iodine ions reach the positive pole, they
gave up their electrical charges ahd, besoming iodine
atoms, can be seen streaming away from the pole* If
starch solution is present in both flasks and in the
connecting tube,it is only the solution in flask B which
becomes blue, and, at first, only around the electrode*
When the potassium ions reach the negative pole,
they give up their electrical charges, beoome potassium
atoms, and combine with water to form a caustic alkali*
Wo chemical change takes place in the connecting tube C*
In ionic medication, therefore, the potassium or
sodium ion will give up its electrical charge at the
negative/
negative electrode, become a potassium or sodium atom, and 
conibining with water to form a caustic alkali, will act 
on the tissue in contact with the electrode, - that is, 
the skin* To suggest that any ion of the body fluids 
can produce a "lytic" action on the tissues underneath 
the skin before it has reached an electrode is manifestly 
absurd* There can be no "lytic" action except 04 the 
skin underneath the negative electrode. Further, it is 
difficult to conceive, and there is no evidence to suggest 
that the mere migration of an ion, which is normally 
a constituent of the body fluid* to another part of the 
fluid* can cause any chemical change which would have a 
therapeutical effect*
Certain authorities, recognising the difficulty of 
explaining their therapeutical results on the basis of 
chemical ohanges in the tissues, have claimed that it is 
the movement of the ions which is the important factor* 
They suggest that there is a bombardment of millions of 
tissue ions on the affected part, and that this "ionic 
massage* may be of benefit* In the present state of 
our knowledge of the forces bound up in matter, it is 
hardly worth while discussing suoh a hypothesis* Two 
facts, however, are,from the purely mechanical point of 
view/
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view, worth mentioning: (l) Though the number of ions
set in motion must be enormous, the total mass of
ions acting on any part is, as I have shown, very small;
(2) the greatest migration velocity of any ion, - the
hydrogen ion, - with a potential gradient of one volt(9)per centimetre is only 0,0032 c,m, a second. It
is difficult to see how a "bombardment" carried on 
by a small mass moving so slowly,can have much effect.
It can be in no way comparable to massage at the hands 
of a well trained and intelligent expert.
It will now be clear that no real and permanent 
benefit can reasonably be expected in the treatment of 
rheumatoid arthritis by ionization. For iodides and 
salicylates can be administered by the mouth in doses 
snffftcient to produce a continuous concentration of 
iodine or salicylic ions in any part of the body, far 
greater than can possibly be produced by ionization, 
Further, very much greater quantities of salicylic 
ions can be passed locally througi the shin by 
applying methyl salicylate, and much greater quantities 
of iodine ions by applying iothion (di-iodhydroxypropan), 
an oily liquid having the chemical formula CHgljCHGS^CH^I. 
Yet none of these methods of treatment is of the slightest 
use in rheumatoid arthritlfc. Again,it has been shown 
quit e/
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quite clearly* that the passage of an electric current 
through the body can produce no *lytic* effect on the 
new formed fibrous tissue under the skin. It Is 
therefore useless to expect that this form of therapy 
will be of value In increasing the mobility of an 
ankylosed joint.
There was, however, as has been indicated, a
temporary relief of pain following the process of
ionization. It would be of interest to enquire as to
the particular factor to which this is due. It has
been shown conclusively that it is not due to the
specific action of any ion. It must be due, therefore,
to the galvanic current. Two different factors
will thus require to be considered: (1) the current
passing between the electrodas and (2) the action of
the current the electrodes, Turrell suggests that
the aotion of the current passing between the electrodes
has the effect of generating an appreciable increase
of temperature in the tissues, under the skin, and to
this increase of temperature he ascribes the beneficial(10)
results which follow. It is true that JouAe's
law applies to electrolytes, and tfcat, therefore, all 
the energy of the current spent when traversing the 
electrolyte is used simply in the production of heat, 
and/
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and not In causing chemical changes. But the most 
of the heat produced in this way is on the skin, 
where the resistance to the current is greatest, 
while that produced in the tissues underneath the 
skin is small, is slowly evolved, and is dissipated 
quickly throughout the body. The experiments Turrell 
brought forward in support of his view, merely 
showed an increase of the surface temperature of the 
limb to which the electrodes were applied, and that 
could quite easily be caused by dilatation of the 
cutaneous vessels. He admitted further that the
more powerful heat-producing action of the diathermy 
current was not nearly so good as the ordinary 
galvanic current. His attempt to explain this 
obvious difficulty is not convincing.
It has to be admitted that the passage of an 
electric current through the tissues will have a 
general stimulating effect on them,which may be of 
some benefit. But to me it seems clear that it is the 
action of the current the electrodes which is the 
chief factor in the relief of pain. In every case 
treated in this wayf there is some irritation of the 
skin under the pads, which is evident from the 
sensations of the patient and from the marked
hyperaemia of the skin seen when the pads are 
removed. This irritation is produced partly by the 
products of the electrolysis of the substances in 
the/
the solution employed to moisten the pads, and partly 
by the heating effect of the current on the skin where 
the resistance to its flow is greatest. In some oases 
it is sufficient to cause a tender part of the skin to 
remain red for several days. Nor is it necessary to 
use very large currents to produce this irritation* 
for, while the amount of irritation varies directly 
as the amount of current, it varies inversely as the 
size of the electrode. It is possible, therefore, to 
get a considerable amount of irritation, even with 
small currents, if small electrodes be used. Here, 
then, is the ordinary count er-irr it suit action. It is 
difficult to account for the manner in which counter- 
irritants produce their beneficial effect, but that 
they do relieve deep-seated pain, at any rate temporarily 
is undeniable. It seems to me, therefore, that while it 
is possible that the interpolar current has some slight 
general stimulating effect on the tissues underneath 
the skin, the great factor in producing temporary 
relief of pain is the counter-irritant action on the 
skin underneath the electrodes.
So far, only the medical aspect of ionization 
has been discussed. As far as its surgical application 
is concerned, those who practise this method in the 
treatment of many varieties of septic sinuses, lupus 
nodules, and septic diseases of the vagina and uterus, 
claim/
claim that the results obtained are excellent. I hare had 
no practical experience of its use in these conditions, 
and can therefore offer no opinion as to its therapeutical 
efficacy. But, as far as the theory is concerned, attention 
may be drawn to the following facts. Zinc is the ion which 
is used in practically all oaseq, A number of electro- 
therapeutists use simply a zinc probe, which is put into 
a sinus, or a zinc sound which is passed into the uterus, 
the metal forming in each case the positive electrode.
When a current is passed, the metal has a destructive 
action on any tissues with which it is in contact. The 
chlorine ions of the tissues move to the zinc electrode, 
give up their electrical charges, and the chlorine atoms *
thus set free combine with the zinc of the electrode to 
form nascent zinc chloride. This substance will produce 
its well reoognised caustic action on the tissues, and its 
antiseptic action against any organisms which are present.
But that is not *ionio medication,* It is simply a j
method of producing nascent zinc chloride electrolytically 
in a place where its action may be of value. In the same 
way, when an electric current is passed through a zinc rod 
placed in a septic cavity filled with a solution of zinc 
sulphate, there is constantly being produced, electrolytically 
nascent zinc sulphate by the sulphuric ions of the solution 
moving to the zinc electrode, giving up their electrical 
charges/
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charges, and the atoms thus formed combining with the 
metal. In addition, the irritation of the tissues 
under the electrode causes an increased blood supply 
to the part, which, in the chronic conditions in which 
ionization is employed, will be of some benefit. That 
there is any deep penetration of zinc ions is impossible, 
and indeed undesirable, in view of the powerful coagulating 
effect which zinc ions have on the albumen of the tissues.
It appears to be entirely unnecessary to invoke the 
conception of the deep penetration of zinc ions in order 
to explain the therapeutic results which follow ionization. 
The combined action of the compounds formed eleotrolytically 
at the zinc electrode, and the irritation of the tissues, is 
quite sufficient to produce all the effects which have 
been described.
In conclusion, it will be obvious that, if the 
argument presented above is accurate, there is very 
little scientific basis for the theory of ionic medication, 
and - as far, at any rate, as the medical aspttct is 
concerned, - for the practice thereof. To those who 
strongly support this theory,I may appear guilty of an 
excess of zeal in attempting to undermine their hypothesis. 
In defence, I can only draw their attention to the words 
of Claude Bernard: "In science*the word criticism is not 
synonymous with the word disparagement; to criticise means 
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